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Further Studies in the Evaluation of Carbohydrate Utilization 


Tests as Aids in the Differentiation of Species of Streptomyces’ 


R. G. Benepict, T. G. PripHam, L. A. LINDENFELSER, H. H. Hau, anp R. W. Jackson 


Fermentation Section, Northern Regional Research Laboratory,? Peoria, Tllinois 


Received for publication 


Studies on the ability of various species of Strepto- 
myces to utilize certain carbohydrates individually, as 
a sole source of carbon in a synthetic medium, were 
first undertaken by Waksman (1919). Subsequently, 
Pridham and Gottlieb (1948) tested 27 cultures of 
Streptomyces, Nocardia, and Micromonospora for 
their ability to utilize 33 different carbon sources in a 
chemically defined medium. All of the cultures utilized 
p-glucose, D-mannose, starch, dextrin, and glycerol, 
but none used erythritol, phenol, o-cresol, m-cresol, 
p-cresol, Na-formate, Na-tartrate. 
The remaining substances were attacked by some 


Na-oxalate, or 


species but could not be utilized as carbon sources by 
others. In rechecking a few of the strains four years 
later, Pridham, Hall, and Shekleton (1951) found that 
the carbohydrate assimilation patterns had not. sig- 
nificantly changed. Certain Japanese investigators, 
including Kurosawa (1951) and Okami (1952), have 
utilized the technique of carbohydrate assimilation as 
an aid in the identification of various antibiotic-pro- 
ducing Streptomyces. Dulaney (1949) tested a strain 
of Streptomyces griseus for its ability to initiate growth 
on 49 different carbohydrates, sugar alcohols and 
salts of organic acids. 

The purpose of the present investigation was to test 
a larger number of strains and also some carbon 
sources not previously used by Pridham and Gottlieb 
(1948). Approximately 75 different species (147 
cultures) of Streptomyces were used for the purpose, 
and the number of strains of each species varied from 
eight down to one. In the latter category, 52 cultures, 
representing a like number of species, were included in 
the tests. 


MATERIALS AND METHODS 


Cultures representing 50 of the 73 species of Strepto- 
myces listed in Bergey’s Manual (Breed, Murray, and 
Hitchens, 1948) were available for this work. The 
following species were not available to us: S. poolensis, 
S. fimicarius, S. rubescens, S. melanosporeus, S. me- 

' Presented in part at the meeting of the Society of Amer- 
an Baeteriologists held at San Francisco, California, August 
10-14, 1953. 

* A laboratory of the Northern Utilization Research Branch, 
Agricultural Research Service, U. S. Department of Agricul- 
ture, 


February 15, 1954 


lanocyclus, S. acidophilus, S. diastatochromogenus, S. 


flavochromogenus, S. lieski, S. flocculus, S. thermofuscus, 


S. thermophilus, S. fordii, S. gallicus, S. pelletieri, S. 
listerit, S. upceottii, S. hortonensis, S. beddardii, S. 
kimberi, S. somaliensis, and S. panjae. In addition to 
those listed in Bergey’s Manual, strains of the follow- 
ing Streptomyces species were tested: alvet, aureofaciens, 
bikiniensis, chartreusis, chrysomallus, cinnamoneus, 


felleus, griseocarneus, griseoluteus, netropsis, purpu- 


rascens, virginiae, endus, nitrosporeus, rimosus, resisto- 
mycificus, sulphureus, venezuelae and vinaceus. The 
following strains listed in the appendix of the family 
Streptomycetaceae were also included: S. annulatus, 
S. carneus, S.-odorifera, S. roseus (sulfactin producer), 
S. viridis, S. gedanensis, and S. candidus. Finally, un- 
identified cultures which produce the antibiotics, 
actinomycin, musarin, monamycin, xanthomycins A 
B, and C, antibiotic ElI;, orosomycin, antimycin, 
streptolin, and aureothricin were included. 

The sources of cultures used in this study were as 
follows: American Type Culture Collection, Centraal- 
bureau, voor Schimmelcultures, Baarn, Holland, and 
the collections of Drs. S. A. Waksman and H. Ume- 
zawa. A few strains were soil isolates identified in this 
laboratory and some cultures from our NRRL Collec- 
tion were kindly supplied by Dr. William C. Haynes. 

In selecting specific carbohydrates, sugar alcohols, 
and glycosides for some previous carbon utilization 
studies, Pridham et al. (1951) had tested the ability of 
36 cultures representing 33 species of Streptomyces 
to initiate growth on 30 carbon sources, including 
dextrose, glycerol, mannose, cellobiose, dextrin, and 
soluble starch. Since practically all of the cultures grew 
readily on the six carbon sources just mentioned, they 
were not used in the present work. The following 
substrates were employed: erythritol, adonitol, pv- 
sorbitol, 7-inositol, D-mannitol, D-xylose, L-arabinose, 


J 


L-sorbose, melibiose, melezitose, p-fructose, L-rham- 
nose, trehalose, maltose, sucrose, lactose, raffinose, 
inulin, salicin, esculin, purified dextran (from Leuco- 
nostoc mesenteroides NRRL B-512), potassium 5-keto- 
gluconate, calcium-2-ketogluconate, and the glycerol- 
glycine-salts medium of von Plotho as employed by 
Lindenbein (1952). 

With the exception of dextran and esculin, the filter 
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TABLE 1. Carbon-assimilation patterns of various strains of Streptomyces species 
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+ good growth and positive utilization; ® poor to fair growth; 


* isolates from three separate samples of Japanese soil. 
t pronounced pink soluble pigment. 


sterilized-carbon compounds were added to the melted, 
carbon-free basal agar medium of Pridham and Gottlieb 
(1948) at levels of 1 gram per 100 ml of agar. The 
medium was dispensed in sterile tubes for slanting. 
Dextran and esculin solutions were adjusted to pH 
6.5, autoclaved, and added as 1 per cent supple- 
the Inocula of spores 
vegetative growth were streaked over the surface of the 


ments to basal medium. or 
slants and the cultures were incubated at 29 C for ten 


days, before final readings were made. 
RESULTS 
The results obtained with three strains each of S. 
coelicolor, S. purpurascens, and S. fradiae, with four 


strains each of S. aureofaciens, and S. violaceoniger, 


L-Sorbose 


} faint growth, probably no utilization; 


Carbon Source 
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no growth. 


with seven of S. lavendulae, and with eight of S. griseu: 
are shown in table 1. No variation is evident among the 
four strains of S. aureofaciens except with lactose. 
When grown on synthetic medium with a few of the 
various carbon sources, strain Nig. 1 of Harned ct al. 
(1951) produces, upon aging, the black moist growth 
characteristic of S. violaceoniger. Its carbohydrate 
utilization pattern is similar to that of two of the S. 
violaceoniger soil isolates (B-1476 and B-1478) which 
Benedict, Lindenfelser and Riley (unpublished data, 
1951) investigated rather extensively. Nig. 1, therefore, 
appears to be quite closely related to S. violaceoniger. 
A strain of S. hygroscopicus B-1346, not listed in table 
1, produces black smeary patches similar to that of 


S. violaceoniger but gives a markedly different assimila- 
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tion pattern. Extensive variation in patterns among the 
strains of S. griseus is quite evident. Strains producing 
streptomycin and rhodomycetin failed to utilize L- 
qrabinose or L-rhamnose as carbon sources, but the 
srisein and grisein-like producers grew readily on these 
substrates. Differences in utilization of inulin were also 
found. One might expect to encounter differences in 
utilization of carbohydrates by one organism not 
producing an antibiotic and another organism pro- 
ducing it, or even by related strains producing un- 
related antibiotics, since different enzyme systems are 
involved, 

Although it was originally intended not to present 
the utilization patterns of single strains of species, the 
that the reader would be interested in 
comparing those of S. microflaaus NRRL = B-1223 
ATCC 3332) and S. willmorei B-1332 (ATCC 6867). 
Although the original culture of the latter was isolated 


authors. felt 


from a fatal case of streptothricosis of the liver, the 
culture sent to us with the designation S. w7llmore?, 
appears long since to have lost its original fastidious 
character and cannot now be distinguished in gross 
appearance or by its pattern of carbohydrate utilization 
from our single strain of S. microflavus. 

The cultures of S. lavendulae are fairly uniform 
except for variations in their ability to attack melibiose, 
trehalose, salicin, dextran and esculin. The utilization 
patterns of seven strains are identical for eighteen 
different carbon sources. Ability of S. lavendulae to 
initiate growth on relatively few carbohydrates should 
facilitate identification. We tested the carbohydrate 
utilization pattern of NRRL B-1321, the lavendulin- 
forming strain of Junowicz-Kocholaty and Kocholaty 
(1947). It utilized 17 of the 24 carbon compounds tested 
and its pattern is so unlike that of the strains of S. 
lavendulae shown in table 1, that we doubt the close 
relationship of B-1321 to S. lavendulae, as postulated by 
these authors. 

Two strains received as S. fradiae (NRRL B-131 and 
B-556) differ markedly in appearance and 
manifest a utilization pattern quite different from that 
of S. fradiae B-1195, the neomycin-forming strain of 
Waksman and Lechevalier (1949). The streptin-pro- 
ducer of Woodruff and Foster (1946), originally re- 
ported as a variant of S. lavendulae and S. reticulus- 
ruber, cannot be distinguished morphologically or 
biochemically from S. fradiae NRRL B-1195 and a 
very close relationship is evident. 

Identical positive growth responses were noted for 
B-1349 (streptin-producer); B-1195, S. fradiae; the 
four strains of S. aureofaciens listed in table 1, and two 
strains of S. aureus, B-1265 and B-1274 on the follow- 
ing carbon 


gross 


compounds: p-xylose, L-arabinose, D- 
fructose, trehalose, maltose and glycerol-glycine salts. 
The response to lactose was variable in the first. six 


sirains mentioned above. B-1349 and B-1195 failed to 


TABLE 2. Ability of various carbohydrates and related compounds 
to support growth of species of Streptomyces in basal 
medium of Pridham and Gottlieb 

Growth 


. N »r of Strai 
Source of Carbon Number of Strains 


estec 
Positive* Negativet 

Erythritol. eer 137 9 128 
Adonitol Pitas eacentee 136 16 90) 
ape.) 30) | ee ; 148 31 117 
Dulcitol.... Seer ers 41 1 40 
i-Inositol. .. re 147 71 76 
p-Mannitol : : 146 107 39 
p-Xylose...... 133 102 31 
L-Arabinose. . . oe 137 98 39 
L-Sorbose. . ee are 146 0 146 
Melibiose Son 130 18 82 
Melezitose ene 136 45 91 
p-Fructose 5 a 140 11] 29 
D-Rhamnose:..... 2.056... 137 66 71 
Trehalose.......... oe 138 118 20 
Maltose 145 141 } 
Sucrose ; 144 38 106 
Lactose 142 94 418 
Raffinose....... 7 ‘ 143 41 102 
Inulin... wer 146 36 110 
Salicin gee oak 147 106 41 
Esculin Bille Se eae 145 54 91 
Dextran (B-512) 147 58 89 
K-5-Ketogluconate...... 144 32 112 
Ca-2-Ketogluconate...... 144 30 114 
Glycerol-glycine (Lin- 

denbewmy tT... ccs .ee sds 147 127 20 
Na acetate..... err 40 35 5 
Na succinate.............. 40 40 0 


* + and @® combined. 

+ — and © combined. 

t Synthetic medium of von Plotho (modification of medium 
used by Lindenbein, 1952). (See use of symbols in table 1.) 


grow on either sucrose or salicin; the S. aureofaciens 
strains grew on sucrose but did not grow on salicin; 
and the S. aureus cultures grew on salicin but not on 
sucrose. 

In assessing the possible value of the carbon com- 
pounds used in this work, it is apparent, of course, 
that those which permit growth of practically all 
strains, or, which allow scant growth of but a few 
strains are of little or no value as a tool in classification. 
The combined results obtained with all the carbon 
compounds employed are shown in table 2. 

In the sugar alcohol series, the results recorded in 
table 2 show that erythritol induces but poor growth 
and is of little value, and that dulcitol, which permitted 
growth in only one out of 41 species tested, is of no 
value in our series. Most species tested grew poorly on 
p-sorbitol; although S. rimosus NRRL 2234 was a 
noteworthy exception. However, adonitol, mannitol 
and 7-inositol, in the authors’ opinions, are well suited 
for this type of study. Both of the pentoses, D-xylose 
and L-arabinose, likewise gave good results. In the six 
carbon compound group, L-sorbose gave no growth but 











Fic. 1. Iowa soil sample diluted at 1:100,000 and surface- 
streaked on L(+) arginine-glycerol-salts agar (PA) and on 
asparagine dextrose agar (ADA). Note lack of bacterial 
spreaders and predominance of actinomycete colonies on PA 
agar. 


L-rhamnose, p-fructose, K 5-ketogluconate and Ca 
2-ketogluconate were found to be of value. Of the 
disaccharides tested, maltose is of little use since it was 
easily attacked by all strains except the following: 
NRRL B-1340 S. africanus; NRRL B-1289 Strepto- 
myces sp., a netropsin-producing strain which differs in 
gross appearance and carbon utilization pattern from 
that of S. netropsis NRRL 2268; NRRL B-1314, the 
aureothricin strain of Umezawa et al. (1949) and NRRL 
B-1336, S. carneus. The remaining disaccharides— 
trehalose, melibiose, sucrose, and lactose—have_ pro- 
vided us with data of differential value. Esculin was 
utilized by 51 strains to give scanty growth and by 
three strains to give good growth. Excellent growth 
on esculin was attained only by a strain of S. ipomoea, 
NRRL B-1345. Although glycerol is an excellent source 


BENEDICT, PRIDHAM, LINDENFELSER, HALL AND JACKSON 


of carbon for growth of many Streptomyces spec ies, 
the nitrogen of glycine is apparently not utilized by 
some members of the group, since 20 out of 147 cult: res 
gave negative results on the Lindenbein  glyceol- 
glycine-mineral salts agar (1952). In an evaluatioi. of 
single amino acids as sole sources of nitrogen, Bened ict, 
Lindenfelser and Jackson (unpublished data, 153) 
have found that L (+) arginine is readily attacked by 
most Streptomyces and suggest that the Lindenhein 
medium, utilizing 0.25 per cent L (+) arginine in place 
of glycine is extremely useful as a selective medium in 
the isolation of species of Streptomyces from soils in 
routine screening programs. See figure 1 for comparison 
of an Iowa soil sample diluted at 1: 100,000 and plated 
in asparagine-dextrose agar (ADA) and on Plotho agar 
(PA), (L(+) arginine-glycerol-salts), our modification 
of the medium used by Lindenbein. 

Highly purified dextran from Leuconostoc mesen- 
teroides, NRRL B-512 contains _ primarily 
glucosidic linkages and data shown in table 2 indicate 
that it offers more promise than the dextrins in tax- 
onomic work with species of Streptomyces. According 
to Pridham and Gottlieb (1948), dextrin is too readily 
utilized to be of differential value. 


a-| ,6 


Positive and negative growth responses to closely 
related compounds are briefly illustrated in figure 2. 

The substitution of the carboxyl group of the 2- 
ketogluconic acid (employed as the calcium salt) in 
place of the primary alcohol of fructose is apparently 
responsible for a decrease in susceptibility to attack by 
the Streptomyces. The reversed relationship of the 
groups on carbons 5 in L-sorbose and p-fructose ob- 
viously has a marked effect on the ease of assimilation. 
A similar structural difference between dulcitol and 
p-sorbitol on carbons 4 must also account for the dif- 
ference in physiological response to these compounds. 

A majority of the strains representing 52. single 
species have been plated out on five different agar 


xe 


CHLOH CHLOH COOH 
C=O c=0 c=0 
OH—C—H oH—C—H HO C H 
H—C—OH H—C—OH H C OH 
OH—C—H H C OH H C OH 
CH.OH CH.OH CHLOH 


L-Sorbose p-Fructose (Levulose) 2-Ketogluconic acid 
Positive growth 
response—111 
Negative growth 
response—29 


Positive growth Positive growth 


response—0 response—30 
Negative growth Negative growth 
response—146 response—114 
Fic. 2. Comparison of growth responses of cultures of Strep 
tomyces in terms of the structures of three closely related com- 
pounds used as single carbon sources in the substrate. 
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CABLE 3. Comparison of the 


carbon utilization patterns of five species of Streptomyces with a composite pattern taken from eight 


strains of 8S. griseus 


Streptomyces species and NRRL 


numer D L-arabi-| p-man- | D-sorbi-| i-inosi- 

xylose nose nitol tol tol 
(8)* (4) (8) 

Composite pattern of griseus e at ae = ms 

B-683 — alvet.. a 4+ of = we 

B-1333 albus ae ie ae = ae 

B-1271 albidoflavus cs a + at = 

B-1328 odorifera + at ak = ais 

B-1239 albosporeus + t ae + es 


* Indicates number of strains out of 8 which utilized carbon source for growth. 


melez 


tose 


Carbon Source 


i- | treha- | p-fruc- glycine- 


ah tone maltose, sucrose | lactose glycerol dextran, esculin | salicin 
(8) (8) (8) (6) (8) (6) (6) | (8) 
+/+) 4+}, —-] +] +) +] 4{4 
+) +) 4) 4])—-) +4) +4) 444 
+ +) 4+) -]) +) 4+) -) +] 4 
+) -|+])-/]+]+4)-{]+ 44 
+ + + + + + +i) +i 4 
+) + +) —-) 4+) +} +] ti] 





S. alvei and S. odorifera were originally incompletely described, and the strains of S. albus, S. albidoflavus and S. albosporeus 
cited above are probably not representative of those originally described by Rossi Doria emend Krainsky, Rossi Doria, and 


Krainsky, respectively. 


media and examined for spore color and microscopic 
morphology by Dr. C. W. Hesseltine of our Culture 
Collection Unit. He has kindly informed us that S. 
aveti NRRL B-683, S. albus B-1333, S. 
B-1271, S. odorifera, B-1328 
1239 are similar to each other 


albidoflavus 
and S. albosporeus B- 
and closely resemble S. 
griseus in gross appearance. Table 3 shows how closely 
the carbon utilization patterns of these five strains 
compare with that of a standard S. griseus composite 
pattern derived from a study of eight strains. 


DISCUSSION 

Although it 
exceptions noted, to present carbohydrate utilization 
data for single strains of species, it should be noted that 
no exact duplications in utilization patterns were en- 


was not deemed justifiable, with the 


countered among the 52 species represented by single 
strains. Indeed, we have discovered no valid instance 
of duplication by any two of the total 75 species studied. 
We believe that there is sufficient variation in the 
assimilation that carbohydrate 
utilization tests offer much promise as an aid in the 
The 


tion patterns vary from those of species which 


patterns to show 
assimila- 
attacked 
all of the substrates employed except L-sorbose, for 
example, S. purpurascens NRRL 2269 and two identical 
NRRL isolates, B-1454 and B-1480, to those of cultures 
which attacked only trehalose and p-sorbitol (S. 
carneus NRRL B-1336); trehalose alone (S. africanus 
NRRL B-1340); or 7-inositol and salicin, (aureothricin- 
producing strain of Umezawa). The latter strain was 
thought by Umezawa et al. (1949) to resemble S. 
lipmanii or Nocardia farcinica. It is markedly different 
from S. lipmanii NRRL B-1229, which utilized 16 out 
of 27 substrates tested. 


differentiation of Streptomyces species. 


The variation in assimilation patterns of S. griseus 
suggests that one should watch for similar variations 
among strains of other species which are known to 
produce unrelated antibiotic factors. Strain variation 


can be more fully evaluated only when a sufficient 
number of isolates of many species are tested by this 
technique which we hope will prove useful in classi- 
fication. 

Although no critical comparisons have been made, 
it is interesting to note that trehalose permitted the 
formation of an aerial mycelium in the basal medium 
by two cultures which produced no aerial mycelium on 
the 23 other carbon sources, on oatmeal or asparagine- 
dextrose agars, or on the agars of Bennett, of Emerson, 
of Kelner and Morton, and of Czapek. Although only 
one of the three strains of S. coelicolor which we tested, 
namely NRRL B-1257, forms the soluble pigment 
characteristic of this species, the utilization patterns 
of the three strains show little variation. 

In an evaluation of salts of organic acids, Pridham, 
Hall, and Shekleton (1951) found that the sodium salt 
of acetic acid appears to be more promising than the 
sodium salt of succinic acid. They observed that little 
or no growth was attained in 36 species of Streptomyces 
on Na formate, Na oxalate or Na tartrate, but that 
practically all strains could utilize Na citrate. Nine 
strains out of 32 produced H.S in Kligler’s peptone-iron 
agar. 
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SUMMARY 
A total of 147 strains of Streptomyces representing 75 
species have been tested on 24 carbon compounds 
for their ability to initiate growth in the synthetic 
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medium of Pridham and Gottlieb. Forty-one cultures 
were tested also on dulcitol and on the sodium salts of 
two organic acids. 

Type assimilation patterns are presented for strains 
of Streptomyces aureofaciens, S. violaceoniger, S. 
coelicolor, S. griseus, S. lavendulae, S. fradiae, and S. 
purpurascens, and single strains received as S. micro- 
flavus and S. willmorei. 

Evidence for the close relationships of S. microflavus 
and S. willmorei, as well as of S. fradiae (neomycin 
strain) and the streptin producing strain of Woodruff 
and Foster are presented. Of the carbohydrates studied 
L-sorbose was not attacked by any species of Strepto- 
myces, and erythritol and maltose were found to be of 
limited value in these tests. Relatively poor growth was 
attained on melezitose, sorbitol, and esculin. 
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(Kneen and Sandstedt, 
1946; Myrbick and Neumiiller, 1950) that bacterial 
amylases, except crystalline preparations (Meyer ef al., 


Investigators are agreed 


1947; Bernfeld, 1951), possess a greater thermostability 
than other alpha-amylases. Although many investi- 
gators have studied the heat stability of amylases from 
various sources, no study has been published comparing 
the thermal resistance of extracellular hydrolytic 
enzymes from thermophilic and mesophilic bacteria. 

Conn, Johnson and Miller (1950) tested the temper- 
ature of inactivation of a group of alpha-amylases in 
the amylograph at 60 to 85 C. These investigators found 
that a mesophilic bacterial amylase, Rhozyme-DX, 
was more heat stable than amylase preparations from 
certain other bacterial, malted flour, and fungal sources. 

Stark and Tetrault (1951) described the isolation of 
cell-free, starch saccharifying enzymes from the culture 
medium of Bacillus stearothermophilus ATCC 7954 
at 70 C and demonstrated saccharogenic activity at 
90 C. Campbell (1952) compared the amylase prepa- 
rations obtained from both B. slearothermophilus 1518 
and B. coagulans 43P grown at 35 and 55 C. He found 
that the amylases produced at 55 C had a somewhat 
higher optimum activity temperature (60 to 70 C) 
than those produced at 35 C (45 to 55 C). When 
exposed to a temperature of 90 C, the amylases pro- 
duced at 35 C lost all detectable activity after 2 hours, 
but the amylases produced at 55 C had retained 50 
per cent of their activity for 24 hours. 

Since thermostability of enzymes is important in 
some industrial processes and thermophilic bacterial 
amylases have been shown to be quite heat resistant, a 
comparative study was made of three commercially 
available with a thermophilic 
bacterial amylase preparation. The pH stability of the 
thermostable amylase preparation at 60 C was also 
observed. 


bacterial amylases 


MATERIALS AND METHODS 


SKB test. The reagents and procedure were the same 
as given by Sandstedt, Kneen, and Blish (SKB Test) 


Present address: Department of Bacteriology, Towa State 
College, Ames, Towa. 
Present Ortho 


address : tesearch Corp., Raritan, New 


Jersey, 


(1939), that: (a) 1 per cent soluble 
Merck, according to Lintner in M/15_ Sorenson’s 
buffer, pH 6.0, served as the substrate; (b) 52 C, in- 
stead of 30 C, was used for the reaction temperature; 
and (c) the end point was determined by comparison 
with an inorganic standard (Olson, ef al., 1944), or 
spectrophotometrically. Since the SKB method was 
developed for the determination of the activity of 
cereal alpha-amylases, the above changes in procedure 
were made in order to adapt this method for the 
determination of the activity of bacterial amylases and 
to have conditions comparable to the 
method. 

Disc-plate test. The procedure was that of Wellerson 
et al. (1952, 1954) and Stark e¢ al. (1953). Filter-paper 
discs, saturated with the amylase solution, were placed 
on the surface of a starch-agar substrate in pressed 
Pyrex Petri plates (4 dises/plate). The plates were 
allowed to incubate for 8 hours at 52 C. The dises were 
removed, the plates were flooded with iodine, excess 
iodine was poured off, and the diameter of the zone of 
hydrolysis was read on a Fisher-Lilly zone reader. 


except starch 


disc-plate 


Preliminary assays have shown that a straight line 
relationship exists between the log of the enzyme 
concentration and the diameter of the zone of hydrolysis 
(figure 1). 

Preparation of the thermostable enzyme. The amylase of 
B. stearothermophilus ATCC 7954 was produced by 
submerged culture. The medium consisted of 6 liters 
of 2 per cent trypticase, 0.4 per cent N-Z-Case, 0.6 per 
cent yeast extract, 0.75 per cent soluble starch and 
0.01 per cent sodium citrate broth. The inoculum con- 
sisted of 500 ml of a 20 hour stationary culture grown 
on 2 per cent trypticase broth in a 2!% liter Fernbach 
flask at 60 C. Dow-Corning Antifoam A’ (with emulsi- 
fier) was used to prevent excessive foaming. After an 
incubation period of 24 hours at 60 C, the cells were re- 
moved from the medium by Sharples centrifugation. 
The enzyme was concentrated by precipitating it from 
undialyzed (pH 6.0) medium with 1.65 volumes of 
100 per cent ethanol at 0 C. 

Heat stability tests. Each of the bacterial enzyme 
preparations was dissolved in 100 ml of a 0.0125 


CaCl. solution in a concentration to give a zone of 


3 Dow Corning Corporation, Midland, Michigan. 
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Fig. 1. The effect of amylase concentration on zone size. 


TABLE 1. Source and concentration of the amylase 
preparations used 


Symbol Source mg/100 ml 

NB Bacterial, Nutritional Biochemi- 150 
cals Corp.* 

F HT-44, Lot #F4975 Takamine 1360 
Laboratories, Inc.f 

DX Rhozyme-DX #297, Rohm and 1000 
Haas Co.t 

x Bacillus stearothermophilus ATCC 1300 
7954 


* Cleveland, Ohio. + Clifton, N.J. { Philadelphia, Pa. 


approximately 25 mm in diameter. This was necessary 
because of the different potencies per unit weight of 
the various preparations (table 1). 

The enzyme solutions (100 ml per 250 ml beaker) 
were tested when placed in a water bath of the ap- 
propriate temperature, then further tests for enzyme 
activity were made at various intervals. The times 
required for the enzyme solutions to reach water-bath 
temperature were noted, but will not be included in the 
calculations because all preparations were treated in the 
same manner. The pH of each preparation was checked 
at the start and at the conclusion of each experiment; 
acid production was generally proportional to the 
degree of enzyme inactivation obtained. 

pH stability tests. A thermostable enzyme _ prepa- 
ration, prepared in a manner similar to that reported 
above, was suspended in 150 ml of m/15 Sorenson’s 
phosphate buffer containing 0.0125 m CaCl, and 100 
units per ml of streptomycin. Aliquots were adjusted 
to proper pH, the solutions were overlayed with 
toluene, tests were made and the solutions were incu- 
bated at 60 C. Further tests for enzyme activity were 


TaBLeE 2. Initial and final pH values obtained in the 
PH stability test* 


Initial pH Final pH Enzyme Stabilityt 


4.50 4.70 Unstable 
5.00 5.10 
5.25 5.30 Fair stability 
5.50 5.50 
5.75 5.75 
6.00 5.95 
6.25 6.25 : : 
€ > yr stt | if 
6.50 6.50 Range of good pH stability 
6.75 6.70 
7.00 6.95 
7.50 7.10 Fair stability 
8.00 7.30 
8.50 7.30 Unstable 
9.00 7.30 


* Incubated at 60 C. 
7+ Enzyme activity tested after 12, 24, 48, and 90 hr. 


made after incubation periods of 12, 24, 48, and 90 
hours. Final pH checks were also made (table 2). 


RESULTS AND DISCUSSION 


90 C. After 3 hours at 90 C the thermophilic bacterial 
amylase (T) demonstrated dextrinizing power greater 
than that possessed by any of the other three amylases 
after only 30 minutes (figures 2 and 3). 

80 C. As would be expected, a decrease of 10 ( 
resulted in a less rapid loss of enzyme activity (figures 
4 and 5). However, only the thermophilic bacterial 
amylase retained measurable dextrinizing activity after 
23 hours. 


70 C. The dextrinizing activity of all but Takamine 


HT-44 (F) remained relatively constant for about 3 
hours at 70 C. Thereafter, the other two mesophilic 
enzyme preparations slowly decreased in activity 
while the thermophilic amylase activity remained at a 
high level (figures 6 and 7). 

60 C. The results shown in figure 8 indicate that the 
amylase activity was very stable over a pH range of 
5.75 to 7.0 at 60 C. Fair enzyme stability was observed 
within a range of pH 5.25 to 7.5 at 60 C. 

These results confirm the results of Stark and 
Tetrault (1951) and Campbell (1952), who found that 
bacterial alpha-amylases elaborated at high temper- 
atures were more heat stable than the corresponding 


amylases elaborated at mesophilic temperatures. 


Similar findings have been reported by Militzer and co- 
workers (1949, 1950, 1951, 1952a, 1952b) for certain 
bacterial respiratory enzymes. 

The results indicate that it may be very desirable to 
use thermophilic bacterial amylase preparations in 
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THE EFFECT OF pH ON AMYLASE STABILITY AT 60°C. 
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Fig. 8. The effect of pH on amylase stability at 60 C. 


Enzyme activity was followed by two methods (Sand- 
stedt, Kneen, and Blish test [SKB] and Disc-Plate) at 
three temperatures (70, 80, and 90 C). Under the 
conditions used, the thermophilic bacterial amylase 
preparation was shown to be more heat stable in every 
instance than any of the mesophilic bacterial amylases 
tested. 

The thermophilic bacterial amylase activity was 
found to be reasonably stable within a pH range of 
from 5.25 to about 7.5 at 60 C. 
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1944) and Stark 
and Tetrault (1952) described some cultural conditions 


Imsenecki and co-workers (1942, 


influencing the breakdown of starch by aerobic, steno- 
thermophilic bacteria. The former investigators found 
that a 5 per cent potato decoction was superior to 
decoctions of wheat, corn and other products in ability 
to promote amylase formation. The latter investigators 
found that a 1.5 per cent trypticase medium supported 
better amylase production than 12 other laboratory 
media tested. The trypticase medium was superior to a 
tryptose medium, which had given Campbell (1952) 
better results than 13 other laboratory media (not in- 
cluding trypticase) independently tested by him. 
It was the purpose of this investigation to study 
factors affecting amylase production by stenothermo- 
philic bacteria in an effort to obtain higher yields of 
the 
stability of such amylases (Hartman, Wellerson and 
Tetrault, 1955), the problem is one of both theoretical 


enzyme activity. Because of distinct thermal 


and practical interest. 


MATERIALS AND METHODS 


activity the dise-plate 
1955), 


using a 60 C incubation temperature. Since growing 


Amylase was followed by 


method reported previously (Hartman, ef al., 


cultures were tested for enzyme activity, it was neces- 
sary to prevent further 
amylase production during the amylase 


erowth and concomitant 
assay. This 
was accomplished by adding 1 ml sample of the broth 
1 drop (100 


units) streptomycin hydrochloride, then dipping the 


to be assayed to a spot plate containing 


dises from the resulting mixture. The authors (un- 
published data), and Arora and Murti (1952) had 
found that streptomycin apparently did not affect 
bacterial amylase activity. 

Media. The the media used are 
included in the figures. The media were dispensed in 
500 ml quantities per 2! liter Fernbach flask. The 
inoculum consisted of 10 ml per flask of a 6 to 18 hour 
culture? grown in a medium sililar to the final material 


constituents of 


' Present address: Department of Bacteriology, Lowa State 
College, Ames, Iowa. 

> Beckord, (1945) found no difference 
between inocula (Bacillus subtilis) grown for 12, 18, 24 or 42 


Kneen and Lewis 


hours, but did obtain a slight decrease in amylase formation 


in composition.’ The appropriate hydrogen-ion concen- 
tration was maintained by frequent adjustment of pH. 
Tests for amylase activity were made after several 
periods of incubation, but space permits reporting only 
typical results. Maximum yields of amylase activity 
were usually obtained within an incubation period of 
24 hours. 
RESULTS AND DIScuUSSION 

Strain selection. Bacillus stearothermophilus ATCC 
7954 was selected for further study because it gave 
higher yields of amylase activity than 168 other strains 
of stenothermophilic bacteria tested. Two other (un- 
identified ) 
amylase activity. 

The effect of pH on amylase yield was studied in 
cultures grown at 55 and 60 C. A 25 hour amylase test 


strains also gave reasonable yields of 


Assays made after incubation 
periods of 7 and 14 hours also showed the optimum pH 
for amylase formation to be about pH 7.3 to 7.5, 


is shown in figure 1. 


regardless of the 5 degree difference in incubation 
temperature. 

The effect of incubation temperature on amylase yield 
was studied. Amylase production by B. stearothermo- 
philus ATCC 7954 was found to be essentially the same 
at incubation temperatures of from 50 to 60 C. Two 
other strains tested appeared to have optimum temper- 
atures only 2 or 3 degrees lower than that of the ATCC 
7954 culture shown in figure 2. Since Campbell (1952) 
has reported that the temperature stability of some 
bacterial amylase preparations appears to be related 
to the temperature at which the enzyme was produced, 
we selected the upper temperature limit (60 C) for 
further studies. 

The effect of glucose and starch on amylase yield is 
shown in figure 3. The lower curves of figure 3 show that 


when 180 hour old inocula were used. The effects of age or con- 
centration of the inocula on amylase production were not 
studied by the present authors. 

3’ Subculture of an organism in a medium similar to that 
employed for enzyme production has been demonstrated to be 
an effective means of enhancing a desired characteristic (Boi- 
din and Effront, 1917). Beckord, (1945) 
found that, while one subculture on a medium similar to the 
final culture medium had a beneficial effect, subculturing more 
than once had no significant influence on the potentialities of 
the inocula. 


Kneen and Lewis 
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Fic. 3. Effect of glucose and starch on amylase yield. 


yields were low in the medium to which no carbohydrate 
was added, but that some increase was noted in the 
absence of added starch when the concentration of 
glucose in the medium was increased. However, when 
0.1 per cent glucose had been added to the medium 
amylase yields were far below those containing only 
0.1 per cent starch (upper curves of figure 3). When 
only 0.1 per cent starch was present, the addition of any 
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Fic. 4. Effect of addition of starch during the course of the 
fermentation on amylase vield. The abscissa indicates cumula 
tive addition of 0.1 per cent starch: that is, the “ete. 4, 8” 
designation means that 0.1 per cent starch was added at 0, 3. 
1, 6, 8, and 12 hours of incubation. The ‘0.2 per cent starch” 
designation means that 0.2 per cent starch was added at all 
of the times indicated. 


amount of glucose tested did not result in significantly 
increased amylase production, neither did an increase 
of the concentration of starch to the 0.2 per cent level 
increase amylase production. 

The improved amylase production in the presence of 
starch seemed to be true whether the starch was added 
before the medium was autoclaved or during the course 
of the fermentation (figure 4—the abscissa indicates 
cumulative addition of 0.1 per cent starch). While 
the addition of some (less than 0.3 per cent starch) to 
the medium while the fermentation was in progress 
may have been beneficial, the presence of too much 
starch resulted in 
yields. 


decreased detectable amylase 

These results are similar to those of Friedman 
(1953), who found that the highest enzyme activity 
was obtained with a ratio of about 10 to 20 parts 
protein to 1 part soluble starch, at the levels of 2 or 
3 per cent proteinaceous material (trypticase). 

The effect of Dimalt and potassium nitrate on amylase 
yield (figure 5) was investigated after preliminary 
experiments had indicated that the addition of each, 
individually, enhanced amylase production. More 
amylase was obtained in the presence of 1.0 per cent 
Dimalt* and about 0.5 per cent potassium nitrate in a 
yeast extract-free trypticase medium than the other 
media and combinations of ingredients tested. Am- 
monium nitrate or sodium nitrate could replace the 
potassium nitrate as a nitrate source, indicating that 
the mechanism of stimulation was due to the nitrate, 
rather than the potassium, possibly by supplying a 
reducible substrate. This hypothesis is supported by 
the fact that, although more growth was still obtained 
in shallow layers of nitrate and Dimait containing 


' Fleischmann’s “Regular” Dimalt (Malt Syrup). Standard 
Brands, Inc., New York, N. Y, 
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media, better amylase production was obtained in 
deeper layers. Some comments on the relation of 
oxygen demand to amylase production have been 
recently presented by Shu (1953). . 

The effect of some other materials on amylase yield 
will only be mentioned briefly because of the negative 
results obtained. 

The addition of various concentrations of sodium 
citrate, sodium sulfate, certain lipids and various 
commercial yeast products to the basal medium shown 
in figure 1 did not result in increased amylase yields. 

The addition of various combinations and concen- 
trations of vitamins to the culture medium, with one 
exception, had little influence on amylase formation. 
The one exception was the instance whereby a slight, 
but significant, increase in amylase activity was ob- 
tained when the medium was supplemented with a 
mixture of biotin, niacin, and thiamine. 

apid serial transfer for 18 consecutive subcultures, 
prior to inoculation of the fermentation flasks, did not 
result in increased amylase yields. R. Wellerson, Jr. 
(1953 wnpublished data) had little success in pre- 
liminary experiments using heat-shocked inocula in an 
effort to obtain better amylase production. 

Optimum laboratory medium developed for amylase 
production (figure 5) consisted of 2 per cent trypticase, 
0.4 per cent N-Z-Case, 0.5 to 0.75 per cent potassium 
hitrate, 1 per cent Dimalt (by volume) and 0.1 per 
cent soluble starch. Use of this medium under ap- 
propriate conditions resulted in a 16 to 50 fold increase 
in amylase yields, compared with levels obtained at the 
beginning of this investigation. 

Amylase production on some commercially available 
nuirients was investigated utilizing Glid-S-O°, soybean 
oil meal and whole dried blood®. The products 
Were ground to a powder on a No. 1 Wiley Mill prior 

The Glidden Company, Chicago, Illinois. 
Swift and Company, Chicago, Illinois, 
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Fic. 6. Amylase production on Glid-S-O, dried blood, and 
soybean oil meal. 


to use. Only the 24 to 25 hour tests are shown in figure 
6. Tests made at other times during the course of the 
fermentations yielded similar data. Yields on 6 to 8 
per cent Glid-S-O mash were higher than those pro- 
duced in the other inexpensive commercial products 
tested, or in combinations of one product with another 
or with trypticase, yeast extract, and/or soluble 
starch. 

Corn steep liquor, alone or in combination with 
thiamine and/or the above laboratory media, did not 
increase amylase yields. 

The levels of amylase activity obtained in the 
commercial, undefined media (figure 6) were somewhat 
less than those obtained in the optimum laboratory 
medium developed (figure 5). 


SUMMARY 

Bacillus stearothermophilus ATCC 7954 gave higher 
yields of amylase activity than 168 other strains of 
stenothermophilic bacteria tested. This strain was 
selected for further study. 

Optimum physical conditions for amylase formation 
by B. stearothermophilus ATCC 7954 were found to be 
pH 7.3 to 7.4 and at 50 to 60 C. 

The effect of glucose, starch, Dimalt, nitrate, sulfate, 
citrate, certain lipids, various commercial yeast 
products, vitamins and rapid serial transfer of the 
inoculum on amylase formation were observed under 
carefully controlled physical conditions. 

The optimum laboratory medium developed for 
amylase production consisted of 2 per cent trypticase, 
0.4 per cent N-Z-Case, 0.5 to 0.75 per cent potassium 
nitrate, 1 per cent (by volume) Dimalt and 0.1 per 
cent soluble starch. 

Several experiments were conducted on some in- 
expensive industrial by-products to find a commercially 
practical substrate for amylase formation. 
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The incubation of Reichstein’s Compound §8 (11-de- 
soxy-17a-hydroxycorticosterone) with Cunninghamella 
H-334 17a-hydroxycorti- 
costerone (Kendall’s Compound F, 


blakesleeana strain yields 
hydrocortisone, 
Reichstein’s Compound M) (Hanson, ef al., 1953). 
The presence of cortisone (11-dehydro-17a-hydroxy- 
corticosterone) in the transformation products was also 
indicated. This paper will describe some observations 
on the yields of these two steroids (and other side prod- 
ucts) as affected by the addition of various alcohols 
and of phenol to the fermentation. 


METHODS 


Fermentations were conducted in 100 ml of medium 
in 500 ml Erlenmeyer flasks. The medium (soybean 
meal, 5 g; dextrose, 20 g; NaCl, 5 g; KoHPO,, 5 g; 
brewer’s yeast, Pabst, 5 g; tap water, 1000 ml; pH 
adjusted to 6.4) was sterilized at 121 C for 30 minutes. 
The flasks were inoculated with 5 ml of vegetative 
mycelium of C. blakesleeana H-334, which had been 
grown in the same medium on a reciprocating shaker 
at 26 C for 48 hours. The flask cultures were incubated 
at 28 C on a rotary shaker (Gump type, 250 rpm) for 
17 hours, At the end of this period of growth, Com- 
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pound 8 was added as a sterile ethanolic solution, and 
the incubation was allowed to proceed for 7 hours. 

Acetone (20 ml) was then added to each flask before 
filtration through a Celite pad. The filter cake was 
washed with methylene chloride. The filtrate was 
extracted four times with equal volumes of methylene 
chloride and the pooled extracts were concentrated 
under reduced pressure at temperatures less than 50 C 
in a stream of nitrogen. 

The steroids present in the extract were separated by 
paper chromatography (Zaffaroni et al., 1950), and 
detected by means of their absorption of ultraviolet 
light (Haines and Drake, 1950). A quantitative de- 
termination of the hydrocortisone present was made by 
eluting the steroid from the paper (Haines, 1952) 
and measuring the absorption at 242 mu. Cortisone was 
similarly determined by absorption measurements at 
238 mu. 


EXPERIMENTAL RESULTS 


In order to ascertain the possible effects of its 
solvent, the Compound 8 was added to the fermenta- 
tions in varying volumes of sterile ethanol. Results of 
such an experiment are presented in table 1. 
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TauLE 1. The effect of varying ethanol volumes on the formation 
of hydrocortisone and cortisone from Compound S by 
Cunninghamella blakesleeana H-334* 


Yield of Steroids 
Volume of Ethanol 


Hydrocortisone Cortisone 


ml per cent of substrate per cent of substrate 
1.5 10) 27 
12 25 
6 50 24 
9 59 24 
ty) 60 21 
11 64 16 
12 32 4 
14 13 5 
16 Ss 5 
18 5 5 


* The substrate (6 mg Compound 8) was added in ethanol 
to duplicate 100 ml volumes, containing 17 hr growth. Incuba- 
tion was continued 7 hrs 


As the volume of alcohol was increased from 1.5 to 
11 ml per 100 ml of fermentation broth the yield of 
hydrocortisone increased, whereas the cortisone yield 
slowly declined over the same range. The yield of both 
steroids was sharply reduced as the volume of ethanol 
was increased beyond 12 ml. 

This effect is not limited to ethanol. Other water- 
soluble alcohols were examined by adding varying 
volumes to the fermentation, at the same time the 
steroid was added in | ml of sterile ethanol. The results 
of these experiments are presented in table 2. 

With the outstanding exception of n-propyl! alcohol, 
there was, again, an increase in the yield of hydro- 
cortisone as the volume of alcohol added was _ in- 
creased. Such changes as did occur in the yields of 
cortisone had the net effect of increasing the ratio of 
hydrocortisone to cortisone formed, except in the case 
of t-butyl aleohol where an increased ratio occurred 
only after the point of maximum hydrocortisone yield 
Was passed, 

No direct comparison may be made between the per- 
centage steroid yields in this experiment and those 
reported in table 1 since the experiments were per- 
formed at different times, and the extent of steroid 
transformation varied considerably from one set of 
experiments to another. Nevertheless, it is possible to 
conclude that in comparison with ethanol, larger 
volumes of propylene glycol were necessary to effect 
the stimulation, and the inhibition of the reaction oc- 
curred with smaller volumes of ¢-butyl alcohol. 

In addition to hydrocortisone, cortisone and unre- 
acted Compound $8, some unidentified, ultraviolet- 
appeared in the analytical 
papergrams. An absorbing areaat the origin of the paper- 
grams was always present, even in the absence of 


absorbing materials 


steroid, but the other unidentified areas appeared 


15 


TABLE 2. The effect of water-soluble alcohols on the formation of 
hydrocortisone and cortisone from Compound S by 
Cunninghamella blakesleeana H-334* 


Yield of Steroids 


Alcohol Volume Added 
Hydrocortisone Cortisone 
sr cent of r cent of 
ml eae ae 
Methyl 1 17 12 
5 29 8 
n-Propyl 23 9 
5 19 0 
iso-Propyl 1 20 13 
5 47 19 
t-Butyl 1 21 13 
3 40 31 
5 44 39 
7 31 9 
10 9 0 
Propylene glycol 3 20 13 
6 21 13 
12 32 14 


* The alcohols were added to duplicate 100 ml fermenta- 
tions, together with 5 mg Compound § in 1 ml sterile ethanol. 
The.growth was 17 hr old and incubation was continued 7 hr 


only when the substrate had been added. It was ob- 
served that a steady reduction in the amount of these 
products (as judged by visual inspection of the in- 
tensity of absorption) occurred when phenol was 
added to the fermentation medium. An almost com- 
plete elimination occurred at a phenol level of 50 mg 
per 100 ml of medium. However, as can be seen in 
table 3, such a phenol concentration is detrimental to 
the steroid yields. In a range of 10 to 20 mg of phenol 
per 100 ml of medium, it was possible to obtain sub- 
stantial reduction in the amount of side product forma- 
tion without reducing the yield of desired product. 


TABLE 3. The effect of phenol on the formation of hydrocortisone 
and cortisone from Compound S by Cunninghamella 
blakesleeana H-334* 


P e Yield of Steroids 
Concentration of Phenol 


in Medium . ; 
Hydrocortisone Cortisone 


mg per 100 ml per cent of substrate per cent of substrate 


0 51 17 
10 55 28 
20 57 20 
30 45 8 
50 12 0 

100 0 0 


*-The substrate (10 mg Compound 8) was added in 6 ml 
ethanol to 100 ml of fermentation (17 hr old). Incubation was 
continued 7 hr. 
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Discussion 

In the commercial application of this microbiological 
process it would be desirable to obtain the maximum 
yield of a single steroidal product, mixed with a mini- 
mum number of other products, so as to facilitate the 
isolation of pure, crystalline material. The use of 
ethanol, in appropriate volumes, offered a means of 
influencing the microbiological oxidation in favor of 
hydrocortisone rather than cortisone, in addition to 
increasing the total steroid transformation. The addi- 
tion of phenol to the culture medium inhibited the 
formation of steroids which, despite their relatively 
minor concentration, would complicate the isolation of 
the desired pure compound. 


SUMMARY 
In the transformation of Compound 8 to hydro- 
cortisone by Cunninghamella blakesleeana H-334, the 
addition to the fermentation of several water-soluble 
alcohols, particularly ethanol, was found to increase 
the yield. Cortisone is another product of the micro- 


biological transformation, and the alcohol adc :tioy 
results in an increase in the ratio of hydrocortiso: e to 
cortisone formed, in most cases. The addition of 
phenol to the fermentation medium reduced _ the 
amount of unidentified steroid side products observed 


in papergram analysis of the reaction products. 
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Yields of hydrocortisone (17a-hydroxycorticosterone) 
and cortisone (11-dehydro-17a-hydroxycorticosterone), 
as a result of the incubation of Reichstein’s Compound 
S (11-desoxy-17a-hydroxycorticosterone) with Cun- 
ninghamella blakesleeana H-334, varied considerably 
between groups of shaker flask experiments (Mann, 
et. al., 1955). It seemed probable that the factors 
affecting the microbiological transformation could be 
more closely controlled in a chemically defined medium. 
This paper will describe experiments analyzing the role 
of various components of an improved medium. 


MeETHODS 


Czapek-Dox solution (see Thom and Raper, 1945) 
was employed as a prototype for constructing a defined 
medium. Its composition was as follows: NaNO, 
3.0 g; KzHPO,-3H.O, 1.3 g; MgSO,-7H.0, 0.5 g; KCl, 
0.5 g; FeSO,-7H.O, 0.01 g; sucrose, 30 g; distilled 


water, 1000 ml; adjusted to pH 7.2 before sterilization. 
The medium, in 100 ml volumes in 500 ml Erlenmeyer 
flasks, was sterilized at 15 pounds pressure for 20 
minutes. The flasks were inoculated with 1 per cent 
of a spore suspension of Cunninghamella blakesleeana 
H-334 in a solution of 25 ppm Aerosol! AY, 100 per 
cent grade. 

Preliminary experiments indicated that 48 hours of 
incubation on a Gump-type rotary shaker (250 rpm) 
at 28 C were required for adequate growth. The Com- 
pound S$ (10 mg) was then added in ethanol, and the 
incubation was allowed to proceed for 24 hours. 

The fermentations were run in duplicate flasks and 
the analytical data represent the average of the two 
flasks. The steroids were extracted and analyzed as 
previously described (Mann, et al., 1955). 


' American Cyanamid Chemical Corp., New York, N. Y. 
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TavLe 1. The effect of ferrous and magnesium sulfates on the 
growth of Cunninghamella blakesleeana H-334 in Czapek- 


Dox solution and the yields of hydrocortisone and cortisone 
following incubation of Compound S 


Yield of Steroids 


Conditions Growth 


Hydrocortisone Cortisone 


per cent of per cent of 


substrate substrate 

Complete medium ++ + 30 10 
Omitted MgSO, 4 15 6 
Omitted FeSO... ge a 23 8 
Replaced MgSO, with 

equivalent MgCl. and 

FeSO, with ferrous glu- 

conate + 20 5 


Complete medium (Czapek-Dox solution): NaNQOs;, 3 g; 
K-HPO,-3H.0, 1.3 g; MgSO4-7H,0, 0.5 g; KCl, 0.5 g; FeSO, 
-7H,O, 0.01 g; sucrose, 30 g; distilled water, 1000 ml; pH ad- 
justed to 7.2. 

Substrate (10 mg Compound §S) added in 3.3 ml 95 per 
cent ethanol to duplicate 100 ml volumes, containing 48 hr 
growth. Incubation was continued 24 hrs. 


EXPERIMENTAL RESULTS 
Inorganic Constituents 


In considering the inorganic ions required for ade- 
quate growth of C. 
solution and, for satisfactory microbiological oxidation 


blakesleeana in the Czapek-Dox 


of the steroids, certain ones seemed likely to be in- 
dispensable. Sodium and potassium, and phosphate 
ions were assumed to be necessary as ubiquitous ions of 
living tissues. The nitrate, as the nitrogen source, was 
satisfactorily replaced by nitrite ion. The use of am- 
monium ion resulted in poorer growth. For a study 
of nitrogen and phosphorus nutrition of the organism, 
see Mehlick, 1939. 

Only magnesium and ferrous sulfates were con- 
sidered as possibly superfluous constituents of the 
solution. In order to test this idea, as well as to investi- 
gate the need for other inorganic ions, the synthetic 
medium was modified by the omission of the iron and 
magnesium salts. To this basal medium salts were 
added, both individually and in various combinations, 
at a level of 1 mg equivalent of the ion to be examined 
per 100 ml of medium. Growth was allowed to develop 
during the standard 48 hour period and then 10 mg of 
Compound §$ was added to each flask in 1 ml of 95 per 
cent ethanol. The 24 hour incubation period followed, 
and the duplicate flasks were analyzed for the extent of 
hydrocortisone and cortisone formation. The data were 
compared with values obtained from incubation in 
standard Czapek-Dox solution and the basal medium, 
run concurrently. 

The primary finding in this experiment was the 
establishment of the Czapek-Dox solution as superior 
to any other combination of inorganic constituents 
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examined, both in terms of quality of growth and 
steroid yield. Additional findings may be categorized in 
three statements: (1) Cupric and cobaltous ions com- 
pletely prevent growth (under the conditions of this 
experiment); (2) beryllium, cadmium, vanadate, zine, 
calcium, stannous, aluminum, tungstate and iodide 
ions resulted in depressed steroid yields, in relation to 
the basal medium; (3) lithium, molybdate, tellurite, 
and manganous ions did not alter growth or steroid 
yields as compared to the basal medium. 

As a consequence of these findings, a more intensive 
study of the roles of ferrous and magnesium sulfates 
was made. The Czapek-Dox solution was simplified 
by omitting either the magnesium or the ferrous salt. 
Conditions for growth and substrate transformation 
were standard, with the substrate added in 3.3 ml of 
95 per cent ethanol. The extent of growth, as arbitrarily 
graded by visual estimation, and the steroid yields are 
presented in table 1. 

These data indicated the effect of the ferrous ion was 
predominantly on the steroid reaction, and the mag- 
nesium sulfate initially exerted an effect on the growth 
of the organism. In the latter case, it was apparent 
that the sulfate ion was of at least as much importance 
as the cation with which it was associated. A further 
experiment was, therefore, in order. Growth was 
allowed to develop for 48 hours in a magnesium sulfate- 
free Czapek-Dox solution. Ferrous ion was present 
as the gluconate. The mycelium was collected by 
filtration on a Buchner funnel, quickly pressed free of 
excess water, and the moist weight was determined. 
The growth from such conditions was pooled so as to 
equal the moist weight of growth in 100 ml of complete 
medium. The pooled growth was then returned to 100 


TABLE 2. The effect of magnesium and sulfate ions on the growth 
of Cunninghamella blakesleeana H-334 in Czapek-Doz solu- 
tion and the yields of hydrocortisone and cortisone following 
incubation of Compound S 


Yield of Steroids 


Conditions Waite — 
Hydrocortisone Cortisone 
per flask | Porras | Substrate 
Complete medium........ 1.6 27 10 
MgSO, omitted........... 0.5 12 0 
MgSO, replaced’ with 
equivalent of NasSQg... 1.5 25 9 
Pooled growth from 
MgSO, free medium. ... 1.5 27 11 


Complete medium (Czapek-Dox solution): NaNOs;, 3 g; 
K.HPO,-3H.0, 1.38 g; MgSO,-7H.0, 0.5 g; KCl, 0.5 g; FeSO; 
-7H,O, 0.01 g; sucrose, 30 g; distilled water, 1000 ml; pH ad- 
justed to 7.2. 

Substrate (10 mg Compound §) added in 3.3 ml 95 per cent 
ethanol to duplicate 100 ml volumes, containing 48 hr growth. 
Incubation was continued 24 hr. 
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TABLE 3. The effect of polysaccharides on the yields of hydro- 
cortisone and cortisone from Compound S after incubation 
with Cunninghamella blakesleeana H-334 


Yield of Steroids 
Carbohydrate 


Hydrocortisone Cortisone 


per cent of substrate per cent of substrate 


Sucrose... ‘ 21 9 
Dextrin... 39 15 
Soluble starch ; 31 10 
Potato starch : 44 17 


Each earbohydrate was present as 30 g in following solu- 
tion: NaNO, 3 g; Ke2HPO,-3H.O, 1.3 g; MgSO,-7H,O, 0.5 g; 
KCl, 0.5 g; FeSO,-7H2O, 0.01 g; distilled water, 1000 ml; 
pH adjusted to 7.2. 

Substrate (10 mg Compound $8) added in 3.3 ml 95 per 
cent ethanol to duplicate 100 ml volumes, containing 48 hr 
growth. Incubation was continued 24 hr. 


ml volumes of the solution in which it had been grown. 
Another duplicate set of flasks contained C. blakes- 
leeana, grown in a medium devoid of magnesium sulfate, 
but containing an equivalent amount of sulfate ion as 
sodium sulfate. Each of the flasks received substrate 
in 3.3 ml of 95 per cent ethanol and the incubation was 
performed for 24 hours. The results are presented in 
table 2. 

The data of table 2 cannot be interpreted as an 
indication of the absence of any magnesium require- 
ment since no attempt was made to rigorously purify 
the components of the medium so as to eliminate trace 
elements. Nevertheless, the ability of sodium sulfate 
to completely replace magnesium sulfate, coupled with 
the fact that growth pooled in the deficient medium 
(where the magnesium concentration certainly was 
extremely low) restored the oxidative efficiency, sug- 
gests that the critical requirement is for sulfate ion 
needed to build cellular mass. On the other hand, the 
relatively small amount of iron added to the solution 
does not seem important to the growth of C. blakes- 
leeana, but the data do suggest it is necessary for the 
reactions involved in the steroid transformation, per- 
haps as a constituent of an enzyme system. 


Carbohydrates 

The amount of sucrose employed by Czapek-Dox 
solution is more than sufficient to meet growth re- 
quirements for C. blakesleeana, as was shown by de- 
creasing the level to 5 g per 1000 ml of distilled water 
before any effect on growth or steroid yield was ap- 
parent. Neither glucose nor fructose offered any ad- 
vantages as a carbohydrate constituent. A number of 
polysaccharides were investigated by substituting each 
for the sucrose on a weight-for-weight basis. Dextran, 
sulfated chitosan, and oxidized cellulose all seriously 
limited growth of Cunninghamella blakesleeana H-334. 
Media containing gum arabic or inulin in lieu of 
sucrose produced growth similar to the standard 


TABLE 4. The effect of sucrose and dextrin on the formatic of 
hydrocortisone and cortisone during the incubation of C; 
pound S with Cunninghamella blakesleeana H-334 
Yield of Steroids 


Incubation Resid 


Carbohydrate ; ) 
) eee ( oa 


Hydro- 


: Cortisone 
cortisone as 


hoe per cent of per cent of per cer 

substrate substrate inili 

Sucrose f 22 9 38 
Sucrose... 24 32 10 10 
Sucrose 31 33 11 4) 
Dextrin a $1 15 13 
Dextrin 24 49 16 0 
Dextrin 31 49 16 0 


Kach carbohydrate was present as 30 g in the following 
solution: NaNO;, 3 g; KeHPO,-3H.0, 1.3 g; MgS0O,-7H.0, 
0.5 g; KCl, 0.5 g; FeSO,-7H2O, 0.01 g; distilled water, 1000 
ml; pH adjusted to 7.2. 

Substrate (LO mg Compound 8) added in 3.3 ml 95 per cent 
ethanol to duplicate 100 ml volumes, containing 48 hr growth. 


medium, but the product yield was somewhat de- 
creased in the case of gum arabic. Polysaccharides 
exerting the most beneficial effect on the product yield 
are listed in table 3. 

Corn, rice, and sago starches were inferior to both 
potato starch and dextrin. It was noted that in the 
presence of dextrin the amount of growth was increased 
and its appearance was changed from a filamentous 
type to a large pellet type. It is of interest to describe 
the effect of this growth on the extent of steroid trans- 
formation. Replicate growth samples were prepared, 
employing both sucrose and dextrin as carbohydrates, 
and the incubation with Compound 8 was interrupted 
at various times up to 31 hours, and the steroid yields 
were determined. 
table 4. 

It is evident that the substitution of dextrin for 
sucrose resulted in both increased steroid yields and a 
shortened incubation time for completion of the reac- 
tion. 


tepresentative data appear in 


Lipids 


As a result of an early observation that certain 
vegetable oils seemed to encourage better steroid 
yields when added to the medium, several com- 
mercially available fatty acid compounds were added 
to the Czapek-Dox solution prior to sterilization. In 
table 5 are listed the data on steroid yields and the 
extent of growth (graded by visual estimation) result- 
ing from the addition of Spans* (sorbitan esters) or 
Tweens? (polyoxyethylene sorbitan esters), at a level 
of 1 ml of the compound per 100 ml of medium, ani 
distilled monoglycerides’, at a level of 0.5 g per 100 ml 
of medium. 


2 Atlas Powder Co., Wilmington, Delaware. 
3 Distillation Products Industries, Rochester, N. Y. 
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Tante d. The effect of fatty acid esters on the growth of Cunning- 


hamella blakesleeana H-334 and the yields of hydrocortisone 
nd cortisone following the incubation of Compound S in 


Czapek-Dox solution 


Yield of Steroids 


Ester Added Growth 
Hydro Cortisone 
cortisone 
per cent of per cent of 
substrate substrate 
None—control +--+ 27 9 
Tween 20 (monolaurate ++ 32 9 
Tween SO (monooleate + + 33 7 
Tween 85 (trioleate ++ $3 9 
Span 80 (monooleate) +--+ 28 5 
Span 85 (trioleate) ++ 14 5 
Glycerylmonostearate ++ 24 8 
Glycerylmonooleate ++ 22 8 
Monoglyeeride of cotton 
seed oil oo 35 9 
Monoglyceride of soybean 
oil rrr 22 Ss 
Monoglyceride of corn oil ++ 30 11 
Monoglyceride of castor oil +++ 16 14 


The Tweens and Spans were added as 1 ml per 100 ml of 
solution and the monoglycerides, 0.5 g per 100 ml of solution 
prior to sterilization (NaNOs, 3.0 g; K2HPO,-3H,0, 1.3 g; 
MgSO,-7H.0, 0.5 g; KCI, 0.5 g; FeSO,-7H.O, 0.01 g; sucrose, 
30 g; distilled water, 1000 ml; pH adjusted to 7.2). 

Substrate (10 mg Compound 8) was added in 3.3 ml 95 
per cent ethanol to duplicate 100 ml volumes, containing 48 
hr growth. Incubation was continued 24 hr. 


It is important to understand that any of these 
lipids added at the time of substrate addition lead to 
decreased steroid yields. 


Combinations 


Following the study of the individual components of 
the medium, some observations have been made on 
the combination of some of the more favorable factors. 
For example, when either Tween 80 or the distilled 
monoglycerides of castor oil were added to the medium 
in which dextrin was the carbohydrate constituent, the 
large pellet-type growth (which the dextrin induced) 
was changed to a type in which each pellet was only a 
millimeter or less in diameter. Although the ordinary 
aleohol tolerance of growth in Czapek-Dox solution 
was 6 ml per 100 ml, it was found that Compound § 
could be added to 48 hour-old mycelium in such a 
medium in as much as 9 ml of ethanol per 100 ml of 
broth. The data of table 6 are an example of this fact. 

One of the best sets of conditions discovered in 
recent studies has involved growth of the organism for 
18 hours in Czapek-Dox solution in which dextrin re- 
placed sucrose and 0.5 g of monoglyceride of castor oil 
or 1 ml of Tween 80 was added per 100 ml of medium. 
Compound 8 (10 mg) was added in 8 ml of 95 per cent 
ethanol and incubated not more than 24 hours. The 


TABLE 6. A comparison of the effect of varying ethanol volumes 
on the formation of hydrocortisone and cortisone from Com- 
pound S by Cunninghamella blakesleeana H-334, in two 
different media 


Yield of Steroids 
Volume of 


Medium Ethanol 


Ba oie Cortisone 

ml "abeneie | "subteale 
Czapek-Dox 3.3 21 6 
Czapek-Dox. ; = 5 27 8 
Czapek-Dox 6 15 12 
Czapek-Dox ; 8 35 9 
Czapek-Dox 10 12 0 
Czapek-Dox . 15 0 0 
Modified Czapek-Dox. .. 3.3 58 16 
Modified Czapek-Dox. .. 6 60 13 
Modified Czapek-Dox...... 9 62 11 
Modified Czapek-Dox. . . 11 9 0 
Modified Czapek-Dox 14 5 0 


Czapek-Dox solution (NaNO;, 3 g; K2zHPO,-3H.O, 1.3 g; 
MgSO,-7H.0, 0.5 g; KCl, 0.5 g; FeSO;-7H2O, 0.01 g; sucrose, 
30 g; distilled water, 1000 ml; pH adjusted’ to 7.2), when modi- 
fied contained dextrin, 30 g in place of sucrose and 10 ml Tween 
80 or 5 g monoglyceride of castor oil added prior to steriliza- 
tion. 

Substrate (10 mg Compound §S) was added in ethanolic 
solution to duplicate 100 ml volumes, containing 48 hr growth. 
Incubation was continued 24 hr. 


TABLE 7. The yields of hydrocortisone and cortisone obtained 
following incubation of Compound S with Cunninghamella 
blakesleeana H-334 in a modified Czapek-Dox solution 
Yield of Steroids 


Experiment Ester Added 


= Hydrocortisune Cortisone 

per cent of per cent of 

subsirate substrate 
1 Monoglyceride 60 20 
2 Monoglyceride 65 19 
3 Monoglyceride 60 20 
4 Monoglyceride 70 10 
5 Tween 80 61 19 
6 Monoglyceride 77 22 
7 Monoglyceride 65 12 
8 Tween 80 65 19 


The Tween 80 was added as 1 ml per 100 ml of solution and 
the monoglycerides, 0.5 g per 100 ml of solution, prior to 
sterilization (NaNO, 3.0 g; K2ZHPO,-3H20, 1.3 g; MgSO,-7H20, 
0.5 g; KCl, 0.5 g; FeSO,-7H20, 0.01 g; dextrin, 20 g; distilled 
water, 1000 ml; pH adjusted to 7.2). 

Substrate (10 mg Compound 8) was added in 8 ml 95 per 
cent ethanol to duplicate 100 ml volumes, containing 48 hr 
growth. 


yields obtained employing those conditions in several 
separate runs are presented in table 7. 
DiscussION 
It is not possible to decide whether the improved 
yields obtained in the modified Czapek-Dox medium 
are due to greater cell weight or to specific differences 
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in enzymatic content of the cells. Throughout the 
course of this study, grading of the amount of growth 
by visual estimation has been a routine observation. 
Once a certain minimum amount of mycelium was 
present there did not seem to be an apparent correla- 
tion between the amount of growth and the yield of 
the desired steroids. In the experiments where dextrin 
replaced sucrose as the carbohydrate of the medium, 
it was difficult to make visual comparisons of growth 
in this modified medium with that in the standard 
Czapek-Dox solution because of the altered form of 
the mycelium. Moist weight determinations were 
likewise impracticable because of the presence of 
excess, insoluble dextrin in the solutions. When fatty 
acid esters, such as the monoglycerides, were used, 
similar problems in moist weight determinations were 
encountered. It is of interest to note in table 5, how- 
ever, that the only easily apparent differences in the 
amounts of cells produced occurred when monoglycerides 
of either soybean oil or castor oil were present in the 
medium. Soybean oil monoglycerides were without 
effect in stimulating steroid oxidation and castor oil 
monoglycerides were, in contrast, the most effective. 


Thus, despite close chemical similarities of eit} oy 
complex carbohydrates or fatty acid esters, imports it 
differences exist in their effect on the microbiological 
reaction, regardless of the precise mechanism involycd. 


SUMMARY 


Czapek-Dox solution was modified by substitution 
of dextrin for sucrose and by the addition of certain 
fatty acid ester compounds so as to give larger and 
more consistent yields of hydrocortisone following 
incubation of Compound S with Cunninghamella 
blakesleeana H-334. 
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The bacterium Zoogloea ramigera has been reported 
to be the most prominent species of bacteria found in 
activated sludge and trickling filter slime. Butterfield 
(1935), Heukelekian and Littman (1939), Butterfield 
and Wattie (1941), and Wattie (1943) have all de- 
scribed Z. ramigera, but little information has heen 
reported concerning the type of organic nitrogen the 
organism prefers although it is known to display a 
proteolytic nature in laboratory cultures. The promi- 
nence of the organism in all aerobic sewage treatment 
processes suggests at once that it might play an im- 
portant role in the nitrogen cycle in sewage treatment. 
No correct evaluation of this role, however, can be 
made in the absence of a knowledge of the types of 
organic nitrogenous material most suitable as a sub- 
strate for the bacterium. To obtain such knowledge an 
investigation was carried out by the author wherein 
the nitrogen preferences, as judged on the basis of 
aerobic respiration rates, were determined through 
the use of polarography. 


EXPERIMENTAL Mertuops 


Polarography. In the past few years polarography 
has found a wide application in the field of inorganic 
and organic chemical analysis. Two excellent bibliog- 
raphies (E. H. Sargent & Company, 1945) (Leeds and 
Northrup Company, 1950) attest to the versatility of 
the method as an analytical tool. In the field of waste 
treatment, polarography has been employed to measure 
dissolved oxygen (Moore, Morris, and Okun, 1948) 
(Rand and Heukelekian, 1951). Very limited use of the 
method, however, has been made in respiration studies. 
The determination of respiration rates of algal, yeast, 
red blood cells, and animal tissue suspensions by 
Petering and Daniels (1938), of ciliate protozoans by 
Baker and Baumberger (1941), and of activated sludge 
by Hoover and Porges (1952), constitute the major 
portion of such work. The application of the method to 
respiration studies would, of course, be limited if the 
mercury involved were found to be toxic to micro- 
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orginisms. Petering and Daniels (1938), however, 
could observe no toxic effect of mercury on Chlorella sp. 
after 17 days contact. The same investigators also 
reported yeast to be unaffected by mercury. Investiga- 
tious by Baker and Baumberger (1941) showed that 
there was no toxic effect of mercury on protozoa (as 
judged by motility, mortality, and oxygen respiration) 
within the period of an hour or longer. Preliminary 
studies by the author showed no inhibiting effect when 
Z. ramigera was permitted to respire for one hour on 
glucose. It was therefore concluded that the method 
was suited to the investigation proposed. 

The fundamental principles of polarography and a 
description of the basic apparatus are discussed else- 
where (Muller, 1941) (Xolthoff and Lingane, 1952). 

A Model XII high-speed photographie recording 
polarograph! was used in the investigation. Suspensions 
of respiring bacteria were contained in 15 ml electrolysis 
vessels of the Heyrovsky Erlenmeyer type. Since the 
electrolysis vessels were not subject to any agitation 
it was assumed that the diffusion rate of oxygen from 
the atmosphere through the small diameter side arm 
tubing would be so low as to be negligible. Data ob- 
tained by Adeney and Becker (1921) supported this 
assumption. A multiple unit dropping mercury electrode 
assembly capable of holding 5 electrolysis vessels was 
devised to allow simultaneous studies on as many 
suspensions. This assembly was lowered into a constant 
temperature water bath. 

Each electrode was calibrated by plotting the diffu- 
sion currents at an electromotive force (emf) of minus 
1.6 volt against the concentrations of dissolved oxygen 
in calibration solutions. Calibration solutions of differ- 
ent dissolved oxygen concentrations were prepared by 
bubbling tank nitrogen through quantities of buffer 
solution large enough to permit both polarographic 
and chemical determination. Since glucose has a 
reduction potential in the vicinity of that for oxygen 
and was used in relatively greater concentration (1000 
ppm) than the nitrogenous substrates, separate calibra- 
tion curves were established for glucose. A mercury 
head of about 440 mm was maintained to produce a 
mercury drop of one drop every four to five seconds. 
All mercury used in the investigation was reclaimed by 
washing in 10 per cent nitric acid and filtration. 

Preparation of Z. ramigera. The bacterium was ob- 
tained from biological slime scraped from stone at a 
six-inch depth of the trickling filter unit of the Virginia 
Polytechnic Institute sewage treatment plant. A 
method described by Butterfield and Wattie (1941) 
was employed to isolate the species. A comparison of 
morphological and biochemical characteristics with 
those ascribed to Z. ramigera in Bergey’s Manual 
(Breed, Murray, and Hitchens, 1948) indicated that 
the isolated organism was a variety of that species. 


1K. H. Sargent & Company, Chicago, Illinois. 


In light of the paucity of information as to an 
optimum standard cultivation and storage media for 
Z. ramigera, it was thought advisable to consider 
using a medium that approached in character the type 
of substrate it would have in its natural environment. 
Consequently, a synthetic sewage devised by Butter- 
field, Ruchhoft, and McNamee (1937), fortified with a 1 
per cent content of yeast extract to supply necessary 
growth factors that might be missing without it, was 
selected as the cultivation and storage media for the 
investigation. 

The buffer solution employed was an aqueous mix- 
ture of 0.024 m NaOH and 0.050 m KH-2PO, having :« 
pH of 6.8. This buffer, prepared according to buffer 
tables established by Clark (1928), was used both as a 
suspending medium in cell suspensions and as a solvent 
in substrate solutions. 

Substrates on which respiration rates were deter- 
mined included gelatin (Difco),? sodium caseinate 
(Difco), globulin from castor beans (Pfanstiehl),*? zein 
from corn (Pfanstiehl), legumin, gluten (Pfanstiehl), 
protone (Difco), proteose peptone (Difco), peptone 
(Difco), glycine, leucine (Pfanstiehl), 1-asparagine 
(Pfanstiehl), urea (Baker’s C.P.),‘allantoin (Pfanstiehl), 
and alloxan monohydrate (Pfanstiehl). These sub- 
strates were selected so as to furnish a cross-section of 
nitrogenous compounds ranging from plant and 
animal proteins through their degradation products to 
amino acids and related nitrogen compounds. The 
respiration rate on glucose was determined for the 
purpose of comparison with the nitrogenous substrates. 

The nitrogenous substrates were dissolved or sus- 
pended in buffer solution in amounts to produce final 
concentration of 50 ppm nitrogen. The proteins were 
assumed to contain 16 per cent nitrogen, protone 
15.41 per cent, proteose peptone 14.37 per cent, peptone 
16.16 per cent (Difco analyses) and that of the re- 
mainder as calculated from their chemical formulae. 
Care was taken to produce a uniform suspension of 
insoluble proteins. Glucose was employed in a con- 
centration of 1000 ppm (0.1 per cent). Fresh suspen- 
sions of substrates were used for each run. 

Suspensions of Z. ramigera for experimental purposes 
were prepared as follows: 

A 10 ml tube of synthetic sewage was inoculated 
from a refrigerated stock culture of the microorganism. 
Following an incubation period of 24 hours at 30 C, 
the contents of the tube were poured into a 500 ml 
Erlenmeyer flask containing 200 ml of synthetic sewage 
and this, in turn, incubated for 24 hours at 30 C. Such 
careful control of the culture was found necessary to 
reduce “clumping” of the organisms. 

The cells were separated from the culture medium 

2 Difeo Laboratories, Inc., Detroit, Michigan. 


3 Pfanstiehl Chemical Company, Waukegan, Illinois. 
4 J.T. Baker Chemical Company, Phillipsburg, New Jersey. 
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by centrifugation with an International centrifuge® 
for 20 minutes at 4000 rpm, resuspended in buffer 
solution and centrifuged for 10 minutes at the same 
rpm. Three such washings were found necessary to 
reduce the variability in the endogenous respiration 
rates. Because the respiratory activity of the bacteria 
was erratic after being refrigerated for an hour or 
more, fresh suspensions were employed for each 
polarographic run. 

Cell suspensions were adjusted to the required 
concentrations (ranging from 30 to 120 ppm) with the 
aid of a Fisher Electrophotometer® calibrated by use 
of standard suspensions to give the dry weights of 
the bacteria as determined by a method suggested by 
Friedman and Henry (1938). Cell suspension and 
substrate were combined in desired concentrations 
immediately prior to making the polarographic deter- 
mination. 

Procedure. The respiration rates of Z. ramigera on 
the substrates were determined by measuring the 
dissolved oxygen concentration of the buffer-substrate- 
bacterial suspension mixture at 15 min_ intervals 
following temperature equilibrium. Since the water 
bath temperature of 25 C varied little from room 
temperature, temperature equilibrium was reached 
within five minutes. The electrolysis vessels were not 
subjected to any agitation. 

RESULTS 

Oxygen uptakes for the initial 15 and 60 min periods 
following temperature equilibration are shown in 
table 1. These values were reduced to mean oxygen 
consumption rates per ppm dry weight of bacterial 
cells which are listed in table 2 along with statistical 
limits established at the 90 per cent probability level. 
It is to be noted from table 2 that in all cases where the 
bacterium was permitted to respire on a nitrogenous 
substrate, the oxygen consumption rate dropped with 
time. In an attempt to explain this behavior, it was 
decided to investigate the organism’s behavior in the 
presence of a known concentration of ammonium 
chloride. Varying concentrations of ammonium chloride 
were added to a suspension of 80 ppm cells respiring on 
protone in a concentration of 50 ppm nitrogen. Protone 
was selected as the organic substrate because the 
respiration on it alone was relatively stable. Figure 1 
shows the results obtained. The effect of the ammonium 
ion is quite evident. Although the initial rate is sus- 
tained for 15 to 30 min., it decreases rapidly after this 
period. 

In a biological population normally present in 
trickling filter slime or activated sludge a symbiotic 
relationship exists between the many bacterial species 

‘International Equipment Company, Boston, Massachu 
seits. 


' Fisher Scientific Company, Pittsburg, Pennsylvania. 
] : k 


TABLE 2. Oxygen consumption rates exhibited by Zoogloea 
ramigera on various substrates expressed as means + statistical 
probability limits at a 90% level 













Initial Initial 
Substrate 15 Minute Oxygen | 60 Minute Oxygen 
Consumption Rate | Consumption Rate 
ppb per minute per ppm cells 
Buffer alone swe ess} Cees Os 0.18 + 0.03 
Glucose. . cs eat acne ae 0.42 + 0.06 0.42 + 0.03 
Gelatin. . , a agent 1.03 + 0.15 0.68 + 0.15 
Sodium caseinate.. . aa 0.83 + 0.07 0.80 + 0.03 
Globulin... . Se Oe 0.64 + 0.11 0.48 + 0.04 
ee ba Sa ed ae 0.79 + 0.07 0.75 + 0.13 
Legumin. aes eM, .| 0.74 + 0.07 | 0.63 + 0.09 
Gluten ; .esaesee) Sheet es 0.90 + 0.16 
Sy a re er 1.45 + 0.14 L 27" 
Proteose peptone............ 2.22 + 0.17 1.80* 
GS a ee 1.77 + 0.11 1.62 + 0.06 
Glycine. . . ......| 0.55 + 0.07 | 0.48 + 0.02 
Deveme........ Rey Biases 0.71 + 0.03 0.52 + 0.05 
l-Asparagine eo. 0.92 + 0.03 | 0.87 + 0.09 
Uren... .... sitvereeseseecsss| O43 serO- 08) |. OSS 2 O80 
Allantoin......... Pare 0.49 + 0.05 | 0.43 + 0.03 
Alloxan..... Surah 0.68 + 0.04 0.54 + 0.08 
* Data insufficient for statistical treatment. 
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| 2 3 4 5 6 7 8 5 10 i) 12 
CONSECUTIVE 5 MINUTE PERIODS 
Fic. 1. Oxygen consumption by Zoogloea ramigera: 80 
ppm cells on 50 ppm Protone nitrogen in presence of varying 
concentrations of NHs. 


that prevents the accumulation of any substance that 
measurably inhibits the growth of the major species. 
It was felt, therefore, that the initial 15 min respiration 
rates are more indicative of the role played by Z. 
ramigera in the nitrogen cycle than are the 60 min 
rates. Figure 2 presents graphically the information on 
15 min rates contained in table 2. 
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Fig. 2. Initial 15 minute oxygen consumption rates ex- 
hibited by Zoogloea ramigera on various substrates. 


DIscUSSION 

The question of whether or not aerobic bacteria are 
capable of degrading purified proteins has long been a 
subject of controversy. Although Rettger, Berman, and 
Sturges (1916), and Berman and Rettger (1918) were 
not able to demonstrate such ability, Robinson and 
Tartar (1917), and Waksman and Starkey (1932) 
have shown that pure cultures of certain aerobic 
bacteria can decompose purified animal and_ plant 
proteins. The present investigation, in addition to 
supporting the latter conclusion, also substantiates 
another conclusion of Waksman and Starkey (1932). 
As brought out in figure 2, there is as much difference 
between decomposition rates of different proteins of 
animal origin as between the rates of decomposition of 
animal and plant proteins. 

Especially high rates were observed in the case of 
gelatin and gluten. Here is an example of an organism 
which can metabolize gelatin and yet cannot be made 
to demonstrate a gelatin liquefaction. 

When proteins are hydrolyzed by enzymes they 
undergo degradation to the following substances: 


proteins — proteoses — peptones — peptides — amino 
acids 


Because there are no sharp lines of demarcation, the 


intermediate products which are formed bet ey 
proteins and amino acids should be considered as 
classes of substances rather than individual compou: ds, 
Figure 2 testifies to the high rate of respiration ex. 
hibited by the organism on the commercial prep: ra- 
tions, Protone, Proteose Peptone, and Peptone. In 
general, the respiration rates exhibited in the presence 
of this group exceeded by far those observed in the 
presence of the other substrates. 

tespiration rates on the amino acids investigated 
were of the order of those observed on proteins. It 
may be noted from figure 2 that there was a very slight 
variation in the initial 15 min rates exhibited by the 
various cell concentrations on the amino acids. 

Since urea decomposition is almost always hydrolytic, 
the aerobic respiration of Z. ramigera._on urea would 
indicate an oxidation of liberated ammonia. Ap- 
parently such oxidation does not occur since no sig- 
nificant difference on the 90 per cent probability level 
was noted between the endogenous rate and the rate 
observed on urea. This was true of both the initial 15 
min and 60 min rates. 

Low respiration rates were observed on both allan- 
toin, an oxidation product of uric acid excreted by 
lower animals, and alloxan, a cyclic nitrogenous com- 
pound that is an integral part of riboflavin. 

The utilization of glucose by Z. ramigera is debatable. 
Butterfield (1935) was unable to demonstrate such 
utilization. Heukelekian and Littman (1939) however, 
reported the complete removal of 1500 ppm. glucose 
in 5 hr by an aerated suspension of the organism. 
Although, in the present investigation, no significant 
difference was observed between the endogenous rate 
and glucose rate during the initial 15 min, a significant 
difference did exist for the initial 60 min period. This 
plus the fact that the respiration on glucose was con- 
siderably more stable than the endogenous respiration 
and those on the other substrates would indicate an 
aerobic utilization of glucose, albeit a slow one. 

The fact that ammonium ions decreased the respira- 
tion rate of Z. ramigera suggests the possibility that 
the reduction in rates exhibited on the nitrogenous 
substrates were due, in part at least, to the ammonia 
resulting from deamination. In order to account for 
the inhibitory effect displayed, however, a large portion 
of the deamination would have to be attributed to a 
mechanism or mechanisms nonoxidative in character. 
Oxidative deamination, at the most, would have 
produced an ammonia concentration of only 6 to 7 ppm. 
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SUMMARY 

\n investigation was made to determine what types 
of organic nitrogenous material are most readily respired 
on by the bacterium Zoogloca ramigera. Respiration rates 
were measured by the polarographic method. Results 
obtained from the investigation lead to the following 
conclusions: 

Under conditions similar to those under which the 
present investigation was carried out, Zoogloea ramigera 
exhibits a marked preference for proteoses and peptones 
over both purified proteins and individual amino acids. 

Zoogloea ramigera is capable of respiring aerobically 
on purified proteins, and there is as much difference 
between the rates of respiration on different proteins of 
animal origin as between the rates of respiration on 
animal and plant proteins. 

Zoogloea ramigera exhibits a marked sensitivity to 
ammonia nitrogen in concentrations greater than 25 
ppm. 
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Alexander (1913) described the spontaneous oc- 
currence of tuberculous lesions in the codfish, and 
Sutherland (1922) observed similar spontaneous lesions 
in halibut; in neither case was the organism isolated. 
Their work is cited as the first in this field by Aronson 
(1926), who first isolated acid-fast bacilli from naturally 
occurring tuberculous lesions in salt water fish (sea 
bass, sergeant major, and croaker). These isolates 
proved to be a new species, W/ycobacterium marinum. 
He also observed tubercles in two other salt water 
species (lane snapper and striped bass). The liver and 
spleen were the only organs in which tubercles were 
uniformly present in all of the species studied by him. 

Since at least four of the above seven species are 
members of piscine families which supply a_ large 
proportion of the vitamin-rich, commercial fish liver 
oils, it is hardly surprising that the presence of acid- 
fast bacilli in these oils has been occasionally reported. 

In the present study, a limited survey for acid-fast 
bacilli in crude and refined fish liver oils and in fish 
liver made, observations on the 
longevity of these bacilli when inoculated into fish 
liver oils. An essential and concomitant part of this 
investigation was the development of suitable methods 
for the bacteriological examination of these oils. 


tissues was also 


MATERIALS STUDIED 


Samples of commercial, crude (unrefined) fish liver 
oils from representative species, samples selected after 
various extracting and refining processes, and also 
several samples of commercial batches of yellowfin 
tuna liver and their corresponding oils were examined. 

Commercially packed bottles of high vitamin potency 
blended oils and of cod liver oil, as available to the 
consumer, were likewise examined. 

The test cultures used in studies on (a) the develop- 
ment of satisfactory bacteriological methods (criterion 
was efficiency of recovery of inoculated bacilli), and (b) 
the longevity of acid-fast bacilli inoculated into crude 
and refined fish liver oils were: Mycobacterium marinum 
Aronson, Mycobacterium sp., isolated from halibut roe 
and Mycobacterium friedmannii. They were obtained 
from the American Type Culture Collection and, as 
received, grew readily on common culture media. 

‘Present address: Goodyear Atomic Corp., Portsmouth, 
Ohio. 


MetTHops 


Microscopic examination. A modification of the 
method of Capps et al. (1949) was used. The sample 
was diluted with acetone and centrifuged, the sediment 
washed with acetone and re-centrifuged several times, 
slides prepared from the sediment, and stained by the 
Ziehl|-Neelsen technic. 

Concentration and cultural examination of oil samples, 
The suspended material in the oil was concentrated by 
centrifuging for an hour. The sediment was dispersed 
for inoculation using one of two methods: (1) solubiliza- 
tion with Tween G-1086? based on the method of 
Capps et al., or (2) solubilization with a 6 per cent 
gelatin solution containing a silicone to prevent foam- 
ing. Slants of Dorset’s and Petroff’s media (Aronson, 
1926) and of A.T.S. Medium (a newer medium of high 
productivity, Medlar et al., 1951) were inoculated from 
ach sediment. Slants were incubated at 35 C for three 
months before being classed as negative. 

Fish liver tissue treatment. The following method was 
employed to prepare the fish livers for study. The 
tissue was digested with 3 volumes of 10 per cent 
Na;PO, for an hour at room temperature with con- 
stant shaking, then centrifuged. The sediment was 
suspended in sterile distilled water, and neutralized. 
Crystalline penicillin G; 200 to 400 units, was added 
to help control overgrowth by non-acid-fast 
(Abbott, 1951). 

Plating. Quantitative bacteriological plates of crude 
and refined fish liver oils were poured using tryptone 
glucose extract agar. The serial dilutions were prepared 
either in an 8 per cent aqueous solution of Tween 
G-1086 or in 6 per cent gelatin containing 300 ppm of 
an antifoam silicone.’ Anaerobic tubes and malt 
plates were also poured. 

Preparation of inocula. Suspensions of acid-fast 
bacilli for inoculating fish liver oils were prepared by 


types 


suspending the test cultures grown on agar slants in 
liquid petrolatum, U.S.P. 


2 Tween G-1086 (polyethylene sorbitol hexaoleate), of the 
various Tweens kindly supplied by the Atlas Powder Company, 
Wilmington, Delaware for this study, proved the most satis 
factory for fish liver oils. 

§ Anti-Foam A Emulsion, kindly supplied by Dow-Corning 
Corporation, Midland, Michigan, contains 30 per cent silicone. 
Amount added based on silicone content. 
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TABLE 1. Survey of crude fish liver oils for presence of acid-fast bacilli 


Batches of Liver Oil Examined 


Common name Scientific name 


Black cod 


Bluefin tuna 


Anaplopoma fimbria 
Thunnus orientalis 
Cod Gadus morrhua 
Flounder 

Shark (soupfin) Galeorhinus zyopterus 


Skipjack tuna Katsuwonis pelamis 


Sole Members of Family Pleuronectida: 


Swordfish 
Yellowfin tuna 
Menuke, sole & swordfish (mix 


Niphias gladius 


Neothunnus macropterus 


ture) nidae 


Members of Family Pleuronectidae 


Menuke-members of Family Scorpae- 


Microscopic Examination 


Cultural Method 


(Stained concentrates) Concentrates Inoculated) 


No. Positive Negative 

1 -(a) 1(b) 

1 1 

2 1 1 

1 1 No growth of acid-fast 
10 5 5 ' baeilli obtained from 
1 1 any of these oils 

3 3 

1 1 

5 5 

1 - 1 


(a)—number of batches showing presence of acid-fast bacilli, or (b)—their absence. 
NOTE: Counterstain (methylene blue) of centrifuged and stained (Ziehl-Neelsen stain) sediments showed small numbers of 
cocci in practically all oils; no other nonacid-fast bacterial types seen. 


RESULTS 

Crude fish liver oils. Twenty-six samples of crude 
fish liver oils representing 10 species of fish were 
examined by the methods described. Results are shown 
in table 1. Acid-fast bacilli were found in crude liver 
oils from only two of the species, shark and cod. These 
bacilli were demonstrable only by microscopic examina- 
tion of the concentrated, stained sediment. Consider- 
able searching was required as the bacilli tended to be 
few and scattered. Repeated efforts to demonstrate the 
presence of viable acid-fast bacilli by cultural methods 
were uniformly negative. 

Counts from plates and anaerobic tubes for the com- 
mercial crude oils were practically zero, the highest 
count being 50 per ml of oil. The viable organisms were 
cocci. The small number of viable bacteria of all types 
present in these oils was further confirmed by the 
results of the microscopic examinations. 

Refined fish liver oils. In the refining of crude fish 
liver oil it is washed with water, separated, destearinated 
and filtered. Refining removes all of the nonviable but 
microscopically demonstrable acid-fast bacilli which 
Were present in the crude oil. In fact, no bacterial cells 
could be demonstrated in the refined oils. 

Repeated examination of samples of refined oils as 
available to the consumer (samples from five batches of 
refined cod liver oil and from ten batches of blended 
high potency fish liver oils) showed no detectable 
acid-fast bacilli. In contrast to the crude oils, very 
little sediment was obtained on centrifuging and no 
bacterial cells of any type could be detected. Aerobic 
plates and anaerobic tubes were essentially negative, 
the highest count being 20 per ml. The viable organisms 
were cocci. 

Fish liver tissue (raw) and their corresponding oils. 
No acid-fast bacilli were found in the samples of oils 


TABLE 2. Bacterial plate counts of ground, raw fish liver tissue 


(yellowfin tuna) and of the oils extracted from these tissues by 
different methods 


Bacterial Plate 
Counts After 
7 Days at 25 Ct 


Samples Lot No. oe Area Where Fish 


Caught 


Liver tissue I — Galapagos 135 ,000/g 
Islands 
Liver oil I-Aft Ist 0 
-At 2nd 0 
I-B Ist 30 
I-C Ist 10,000 
2nd 1,100 
3rd 250 
Liver tissue II Costa Rican 253 ,000/g 
Coast 
Liver oil II-C Ist 20 
2nd 20 
3rd 10 
Liver tissue Ill — Galapagos 1,040 ,000/g 
Islands 
Liver oil III-C Ist 10 
2nd 0 
3rd 730 
Liver tissue IV — Galapagos 1,670 ,000/g 
Islands 
Liver oil IV-C Ist 569 ,000 
2nd 0 
3rd 600 


* Number of extractions made from a batch of livers. 

+ Tryptone glucose extract agar (Bacto). 

tA, B, & C indicate extraction methods. Both A and C 
methods based on same principle (low potency oil as extract- 
ing medium) but differ in its application. B is a hydrocarbon 
solvent extraction method. 

NOTE: Mold counts were zero. Results of anaerobie counts 
described in text. 
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TaBLeE 3. Observations on longevity of piscine types of acid- 
fast bacilli inoculated into fish liver oils 


Inoculated Poured Plates 


Dawes after Micro- Slants | 
Oils Inoculated Inocula mca «ll —e Acid-fast |, Reduction _ 
“on tion* Organ colonies |!" counts of 
isms) developed 20st 
Liquid _ petro- 28 4. re A 5% 
latum U.S.P. 42 + + + 82 
(Control oil) 58 ce ce 1 07 
Crude shark 7 + re 45 99+% 
liver oil, 21 + = .u 99+ 
(composite of 28 ~ _ ce 99+ 
acid-fast neg- 42 + _ = 100 
ative oils) 58 |. = = 100 
Composite, 1 ae a 96% 
crude fish liver 4 4 a: 1: 99+ 
oils (acid-fast | > or _ 100 
negative) f{ 21 + + — 100 
28 + ? ~ 100 
Refined cod 6 + 4 s. 99+% 
liver oil 7 + + — 100 
21 =F + _ 100 
28 + _ — 100 
42 + _ — 100 
Symbols: + = acid-fast bacilli present; — = acid-fast 


bacilli absent; ? = doubtful. 

* Ziehl-Neelsen stain. 

+ Immediately after inoculation the oils contained ap 
proximately 100 to 200 million Mycobacteria per ml as deter- 
mined by plating the oils. 

t Approximately equal volumes of crude liver oil from: 
skipjack; sole, vellowfin tuna; bluefin tuna; swordfish and 
black cod, plus 4 ml of crude shark oil to make up sufficient 
volume for tests. 


extracted by various methods from yellow-fin tuna 
livers. To determine whether the livers themselves 
contained acid-fast bacilli, not recovered in the ex- 
tracted oils, samples from four batches of ground 
yellowfin tuna livers were examined. No acid-fast 
bacilli could be found. 

The bacterial picture obtained by plating uninocu- 
lated samples of these raw, ground liver tissues and 
their corresponding extracted oils are shown in table 2. 
Furthermore, the types of colonies on the plates poured 
from the liver tissues and their corresponding oils were 
almost identical, consisting almost entirely of cocci. 

Longevity. Samples of crude fish liver oils and of 
refined cod liver oil were inoculated with Mycobacteria 
and examined at intervals thereafter. Refined liquid 
petrolatum, U.S.P., was inoculated as the control oil. 
Representative data are given in table 3. 

The inoculated acid-fast bacilli were killed com- 
paratively rapidly by both crude and refined fish liver 
oils, over 99 per cent being destroyed within one week 
and all (none were culturable) in approximately four 
weeks. On the other hand, in liquid petrolatum U.S.P. 


AND W. E. WIEHLE 


many viable cells were present more than eight we ‘ks 
after inoculation, when periodic observations  \ ore 
terminated. The acid-fast. bacilli inoculated into he 
fish liver oils and the liquid petrolatum retained t} cir 
tinctorial and morphological identities (microsecpie 
examination), apparently indefinitely and unimpaired, 
long after they were killed. 


DiscUSSION 

The evidence obtained in this study indicates that 
the flora of crude fish liver oils are derived primarily 
from the flora of the livers. Thus, when fish livers are 
infected with acid-fast bacilli, these appear in the 
extracted oil. However, in the oily menstruum. they 
die rapidly. In this study acid-fast bacilli were killed 
fairly rapidly even when inoculated into crude fish 
liver oils. 

The germicidal property of fish liver oils has long 
been recognized, especially that of cod liver oil (Lans- 
berg, 1920; Lindemberg and Pestana, 1920). Various 
factors have been postulated to explain this property, 
such as exclusion of water and air, surface tension, 
and the presence of organic peroxides. Only the last 
named factor has been shown to be significant and to 
account partially for the germicidal effect (Lichten- 
stein, 1939 and Stevens, 1936). Recently another and 
probably more effective factor has been demonstrated 
in the unsaponifiable fraction of cod liver oil, which 
fraction contains substances inhibitory to the growth 
of Mycobacteria. The higher degree of unsaturation 
of the unsaponifiable fraction the greater is its inhibitory 
action. The fraction consists chiefly of unsaturated 
alpha glyceryl ethers and comparisons of the germicidal 
action of pure alpha glyceryl ethers that also occur in 
the unsaponifiable fraction, such as batyl and selachyl 
alcohols, show similar inhibitory powers. Emmerie 
et al. (1952) found this germicidal property to be 
active against all types of Mycobacteria. Moreover, 
alpha glyceryl ethers have been found to occur in 
various other fish liver oils (Baer and Fischer, 1947, 
and Swain, 1948). The foregoing would seem to demon- 
strate clearly the basis for the occasionally reported 
presence of nonviable but microscopically demon- 
strable acid-fast bacilli in crude fish liver oils. 


SUMMARY AND CONCLUSION 


In this survey, the acid-fast bacilli that could be 
demonstrated microscopically in an occasional batch 
of crude fish liver oil were nonviable. The fact that 
these bacilli are readily killed by the inherent germicidal 
power of these oils accounts for previous similar findings. 
The bacilli are microscopically identifiable as they 
retain their morphological and tinetorial character- 
istics indefinitely after death, provided they remain 
suspended in fish liver oil. The refining process to 


which the crude oils are subjected removes practically 
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all bacterial cells without removing the inherent 
germicidal power of the oil. Such refined oils are 
practically sterile. The germicidal power of fish liver 
gils is probably related to their content of unsaturated 
alpha glyceryl ethers. 
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Yeast has long been known as a good source of 
pteroylglutamic acid (folic acid) and substances re- 
lated to it. There are apparently two foundation com- 
pounds in these substances, pteroylglutamic acid 
(PGA) itself and a reduced formyl derivative of PGA 
(citrovorum factor, folinic acid). Both of these com- 
pounds appear to exist mainly in bound forms from 
which they can be released by autolysis or by added 
enzyme preparations. Synthetic PGA has been avail- 
able for a number of years but the formyl derivative 
has been obtained only recently. Two groups of workers 
have synthesized the compound and determined its 
structure as 5-formyl-5,6,7 ,8-tetrahydropteroylglu- 
tamie acid, CooH.;N;O;. The first group (Brockman 
et al., 1950 and Cosulich et al., 1952) has named its 
compound leucovorin because of its relationship to the 


Published with the approval of the Director of the Wis- 
consin Agricultural Experiment Station. This. investigation 
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Pteroylglutamic acid and the crystalline barium salt of 
leucovorin C2H»:N;O;Ba-5H,O were supplied through the 
courtesy of the Lederle Laboratories, Pearl River, New York. 


naturally-occurring citrovorum factor that is required 
for the growth of the bacterium, Leuconostoc citrovorum 
(Sauberlich and Baumann, 1949). The second group 
(Flynn et al., 1951; Pohland et al., 1951) has called 
its product folinic acid-SF because it has properties 
similar to folinic acid and promotes the growth of L. 
citrovorum. Neither of these names is really suitable, 
as they have no chemical significance. Leucovorin 
seems inappropriate for a second reason: the test or- 
‘anism is not L. citrovorum. Recently Felton and Niven 
(1953) made a taxonomic study of the test organism 
L. citrovorum A.T.C.C. 8081, and found that it is a 
typical strain of Pediococcus cerevisiae as described 
varlier by Pederson (1949). In the present paper the 
terms PGA and formyl derivative will be used to 
designate the two types of compounds. 

Both PGA and the formy] derivative occur in yeasts, 
mainly in a bound form. Various enzymatic procedures 
have been used to release them from the bound forms. 
Of these, the most widely used and apparently the best 
is treatment with chick pancreas enzyme followed by 
that with a hog kidney preparation. The PGA activity 
of Saccharomyces cerevisiae yeast (for example, bakers’ 
and brewers’) is about 20 to 30 ug per g of dry matter. 
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Other yeasts, for example, Torula utilis and Candida 
krusotdes (also called C. arborea), are somewhat lower, 
10 to 20 wg (Agarwal et al., 1947; Singh et al., 1948; 
Kirsanova and Trufanov, 1948; Sreenivasan et al., 
1949; Doctor and Couch, 1953; Andrews and Schwei- 
gert, 1953). 

Data on the amount of the formyl] derivative (citro- 
vorum factor) in yeast are much more limited. Doctor 
and Couch (1953) give figures for four yeasts as 7.6 to 
25.6 wg per g dry matter expressed as leucovorin. These 
figures should be divided by two as only one of the 
diasteroisomers (IL) is active for P. cerevisiae (Cosulich 
et al., 1952). Andrews and Schweigert (1953) reported 
maximal figures of 29 wg per g of yeast extract? of 
citrovorum factor expressed in terms of the anhydrous 
ealeium salt of leucovorin. The value for the active 
free acid would be only 13.4 ug per g because of the 
inactivity of one of the isomers and the presence of 
ealcium in the standard. 

In the present study, a number of representative 
veasts have been grown on different media and the 
amounts of the PGA factors in the cells obtained have 
been determined. Several commercial yeasts have also 
been analyzed for the PGA factors. 


EXPERIMENTAL PROCEDURE 


Yeast strains. Transplants of Candida krusoides, C. 
pulcherrima, C. 
Endomyces 


zeylanoides, Debaryomyces matruchoti, 
magnusii 836, Endomycopsis fibuliger, 
Hansenula anomala var. spherica 778, H. saturnus, 
Oidium lactis, Rhodotorula gracilis, Saccharomyces 
cerevisiae 53, S. cerevisiae Y-30, S. cerevisiae ““Gebruder- 
Mayer’, S. “Old Process”, Torulopsis 
cremoris, T. utilis 2, T. utilis 3, and Waillia anomala 
were obtained from sources named in previous publica- 
tions (Chang and Peterson, 1949; Agarwala and Peter- 
son, 1950). A culture of S. cerevisiae F53 was kindly 
sent to us by Dr. F. J. Rudert, Red Star Yeast and 
Products Co., Milwaukee. 

Yeast transfers were made every month to an agar 
stab containing 0.25 per cent glucose, 0.25 per cent 
Difco yeast extract and 1.5 per cent Bacto agar. 

Media and fermentation. The inoculum medium was 
prepared as described by Chang and Peterson (1949). 
Hawaiian, Puerto Rican and Louisiana cane molasses 
were clarified before use by treatment with corn steep 
liquor according to the procedure described by Agarwal 
et al. (1947). Beet molasses (Mason City)* medium was 
also prepared by the method given by the latter workers. 
Molasses medium contained 1 per cent reducing 
sugar, 0.1 per cent (NH 4)2HPO, and 2 per cent of 
previously treated corn steep liquor. The crude corn 
steep liquor was clarified by diluting three times with 


cerevisiae 


2In a personal letter Dr. Schweigert says this was Difco 
veast extract. 
’ American Crystal Sugar Company, Mason City, lowa. 


water, steaming for 30 minutes, cooling and filtering, 
The synthetic medium used for both the inoculum ind 
fermentation was the same as that described by O!son 
and Johnson (1949). In a 125 ml. Erlenmeyer fiask 
15 ml of inoculum were grown for 24 hours at 30 (. 
on a reciprocating shaker describing 84 strokes of 10 
em length per minute; 2.5 ml of this inoculum were 
used to start the fermentations, which were run with 
25 ml of medium in a 500 ml Erlenmeyer flask for 24 
hours at 30 C on a rotary shaker describing a circle of 
2.25 inch diameter at 250 rpm. At the end of the fer- 
mentation, the fermented medium was centrifuged, the 
supernatant was removed and the cells were washed 
with 25 ml of distilled water. The wash water was com- 
bined with the first supernatant, and the mixture was 
used for the determination of unfermented sugar and 
PGA compounds. The cells were suspended in 25 ml of 
distilled water. A 10 ml portion was centrifuged and 
dried to constant weight at 109 C for the dry maiter 
content of the cells. Another aliquot of the suspension 
was used for PGA and formy] derivative determinations, 

Preparation of hog kidney and chick pancreas enzymes. 
Hog kidney enzyme was prepared as described by Bird 
et al. (1945). Fresh hog kidney was homogenized with 
three parts of distilled water. The homogenate was 
centrifuged and the centrifugate filtered through Super- 
Cel. The clarified extract was frozen and stored. The 
chick pancreas enzyme was purified by a procedure 
which has since been described by Doctor and Couch 
(1953). 

Reducing sugar and yield of cells. Sugar determina- 
tions were made according to the micro method of 
Shaffer and Somogyi (1933), with reagent No. 50 con- 
taining 5 g KI per liter. The vield of dry yeast was ex- 
pressed as per cent of sugar fermented. 

Enzymatic release of PGA compounds. One to two 
ml of the washed yeast suspension containing 5 to 15 
mg dry weight of cells was heated for 10 minutes in a 
boiling water bath and cooled to room temperature. 
This was digested with enzymes as described by Sreeni- 
vasan et al. (1949). The sample was first incubated with 
1 ml of chick pancreas enzyme (pH 7.0) at 37 C for 12 
hours. The incubated material was then heated in a 
boiling water bath for two minutes and cooled. It was 
adjusted to pH 4.5 by adding 5 ml of MelIlvaine’s 
disodium phosphate-citric acid buffer, and re-incubated 
with 2 ml of hog kidney enzyme for 18 hours, after 
which it was heated in a boiling water bath for two 
minutes and cooled. The pH of the mixture was read- 
justed to 7.0, made to a convenient volume and filtered. 
Aliquots of the filtered material were used for micro- 


biological assay. A reference sample of pulverized active 
dry yeast assaying 10.2 + 0.245 (standard deviation 
of the mean) wg per g of apparent PGA was always 
included with each enzyme digestion-microbiological 
assay as a check on the method. 
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PGA 
PGA activity was determined with Streptococcus faecalis 
R, ATCC 8043, as the test organism according to the 
turbidimetric method of Luckey ef al. (1945). The 
basal medium was modified by addition of Salts B 


Microbiological determination of compounds. 


(Teply and Elvehjem, 1945). Synthetic pteroylglutamic 
acid was used as a standard. At the time this work was 
in progress, Bardos ef al. (1949) reported that Strep- 
tococeus faecalis R also responded to formyl! tetrahy- 
dropteroylglutamic acid. The term ‘‘apparent PGA” 
will be used to denote biological activity for S. faecalis 
expressed in terms of synthetic pteroylglutamic acid. 
A differential microbiological assay method for the 
determination of PGA and the formyl derivative by 
combining the S. faecalis R and Pediococcus cerevisiae 
(Felton and Niven, 1953) assays has been described 
by Swendseid et al. (1951). The validity of such a dif- 
ferential assay rests on the assumption that the re- 
sponse of the two microorganisms is due only to PGA 
and the formyl compound in the natural materials. 
Yeast and liver samples contain several compounds 
stimulatory to the test organisms (Wieland et al., 1952; 
Doctor and Couch, 1953). 

The amount of formyl derivative (citrovorum fac- 
tor) was determined by using the single strength basal 
Medium VI of Steele ef al. (1949) with acid hydrolyzed 
casein substituted for a part of the amino acids. 
Pediococcus cerevisiae 8081 was used, as the test or- 
ganism and the crystalline barium salt of leucovorin 
(5 - formyl - 5,6,7,8 - tetrahydropteroylglutamic acid, 
CopHaN;O;Ba-5H2O) was employed as the standard. 
All the data are expressed in terms of free acid (CooH 23 
N,O;). The cultures were incubated for 16 hours at 
37 C. Growth was determined by measurement. of 
turbidity. 


RESULTS 
PGA 
medium. In table | are indicated the values of the ap- 


Distribution of apparent between cells and 


TABLE 1. Synthesis of apparent PGA by yeasts grown on 


Hawaiian molasses* 


Apparent PGA Content 


Total 
Yeast Apparent 
Of fermented cell PGA Synthesis 
ee : Of cells 
free medium 
pug/liter peg/liter ug/liter 
Candida krusoides 10.8 144.2 155.0 
Debaryomyces matru 
CROW... 2.35. 9.9 88.3 98 .2 
Endomycopsis fibuliger 11 19.6 30.7 
Saccharomyces cerevi 
siae 8.0 168.5 176.5 
S. cerevisiae Y -30 8.2 158.3 166.5 
S. cerevisiae G. M. ao 114.6 122.1 


“The unfermented molasses medium contained 4-6 ug 
apparent PGA per liter. Values in the last column include 
this amount. 


PTEROYLGLUTAMIC ACID IN YEASTS 





TABLE 2. Cell yield and apparent PGA content of yeasts grown 
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on Hawaiian molasses 


Yield of Dry 


: Apparent PGA 
Yeast Yeasts Based on 


Content of 


Sugar Fermented Dry Yeast 
per cent ES 

Candida krusoides i : 80.8 22.6 
C. pulcherrima er 50.2 1.8 
C. zeylanoides 69.0 19.4 
Debaryomyces matruchoti . 71.0 13.3 
Endomyces magnusti 836. ... 53.8 25.5 
Endomycopsis fibuliger 44.3 4.9 
Hansenula anomala var. 

sphaerica 778 64.8 9.1 
H. saturnus 19.0 11.0 
Oidium lactis 54.0 8.6 
Rhodotorula gracilis 67.9 4.8 
Saccharomyces cerevisiae F53 52.0 36.0 
S. cerevisiae Y -30 ; : 18.3 36.3 
S. cerevisiae “‘Gebruder 

Mayer” 47.0 26.9 
S. cerevisiae “Old Process’’. 45.0 53.0 
Torulopsis cremoris : : 16.2 38.5 
T. utilis 2. 63.5 17.4 
T. utilis 3 ; : 64.5 19.2 
Willia anomala 15.3 56.8 


parent PGA in the yeast cells and in the fermented 
cell-free medium. More than 90 per cent of the ap- 
parent PGA was present in the yeast cells, except in 
case of Endomycopsis fibuliger, where 40 per cent of the 
apparent PGA was excreted into the medium. Digestion 
of the cell-free medium with chick pancreas enzyme 
followed by hog kidney enzyme did not increase the ap- 
parent PGA, showing that all of the component was 
present in the free state. On the other hand, 70 to 90 
per cent of the apparent PGA in the cells was in an in- 
active bound form. In this connection it may be re- 
called that 90 per cent or more of the p-aminobenzoic 
acid (PAB) synthesized by the same yeasts has been 
shown by Agarwala and Peterson (1950) to be ex- 
creted in the free form into the medium. This marked 
difference in the distribution of PAB and apparent 
PGA may perhaps be related to the method of syn- 
thesis. Since PAB is a part of PGA, it may be produced 
as such and in much larger amounts than are needed 
to make the PGA, hence the excess may be secreted 
into the medium. Also, since most of the PGA is pres- 
ent as conjugates, only the PGA that escapes conjuga- 
tion would pass out into the medium. 

Cell yield and synthesis of apparent PGA by different 
yeasts. Eighteen types of yeasts were grown on Hawaiian 
black-strap canet molasses media, and eight of them 
were also grown on Mason City molasses. Yields and 
the apparent PGA contents are given in table 2 and 
table 3. In general high yields of yeast were obtained, 
which are probably due to utilization of nonsugar car- 


* California and Hawaiian Sugar Refining Corporation, Ltd., 
San Francisco, California. 
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TABLE 3. Cell yield and apparent PGA content of yeasts grown 
on Mason City beet molasses 


Yield of Dry 


Apparent PGA 
Yeast Yeasts Based on f 


Content of 


Sugar Fermented Dry Yeast 

per cent ugg 
Candida krusoides 66.2 19.9 
C. pulcherrima 50.0 2.7 
Hansenula saturnus 43.3 8.0 
Saccharomyces cerevisiae F53 48.0 13.2 
S. cerevisiae Y-30 49.0 36.2 
S. cerevisiae “Old Process”’ 44.4 24.2 
Torulopsis utilis 2 61.0 9.0 
T. utilis 3 57.5 3 


bon of corn steep liquor and molasses. Sixteen of the 
strains gave vields ranging from 44-81 per cent, but 
two of the yeasts, Torulopsis cremoris and Willia 
anomala, gave yields of only 16.2 per cent and 15.3 per 
cent respectively, although 92 per cent of the sugar 
was utilized. Evidently much of the sugar was converted 
into products other than cells. 

Wide variations were observed in apparent PGA 
synthesis among strains of the same species, and among 
species of the same genus. Among the S. cerevisiae, 
the strain “Old Process” synthesized 53 yg of apparent 
PGA per g, while the ““Gebruder-Mayer” strain pro- 
duced only 26.9 wg per g. Similar striking variations 
can be noted, on comparing the figures for the three 
species of Candida and of Torulopsis. By and large, 
the strains of S. cerevisiae were the best producers of 
apparent PGA. The two strains of yeast that grew 
poorly, T. cremoris and W. anomala, contained high 
amounts of apparent PGA. 

Comparison of the values of apparent PGA in tables 
2 and 3 show that yeasts grown on Mason City molas- 
ses usually synthesized only 40 to 60 per cent of the 
amount synthesized when grown on Hawaiian molas- 
ses. Two yeasts, S. cerevisiae Y-30 and C. krusoides, 
produced as much apparent PGA on the beet molasses 
medium as when grown on Hawaiian molasses. This 
suggests that Mason City molasses may lack some 
growth substance required by the other six types of 
yeasts tested. 

In order to determine whether cane molasses in gen- 
eral was superior to beet molasses for apparent PGA 
synthesis, two additional samples of cane molasses 
from Louisiana and Puerto Rico were tested with 
S. cerevisiae OP and T. utilis 3. When grown on these 
samples, no more apparent PGA was produced than 
when the yeasts were grown on Mason City molasses. 

Effect of cell yield on content of PGA factors. Beet 
molasses by itself gives poor yields of yeast but when 
supplemented by corn steep liquor or salts gives good 
yields. The effect of such additions on a bakers’ yeast, 
F53, was investigated with the results that are given 
in table 4. Addition of 2 per cent corn steep increased 
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TABLE 4. Effect of changes in the medium on cell yield and 
synthesis of PGA compounds by 8. cerevisiae F'53 


Yield of Dry 


Media Weast Besed | Apmorenty, | Derwat 

Fermented of PG 

per cent ug/g DMY ug/g D 

Basal* : 19.3 13.0 10.5 
Basal + 2% corn steep 

liquor (CSL) 52.0 12.5 9.8 

Basal + 4% CSL 64.0 9.3 6 

Basal + 2% CSL + 
0.13 % (NH4) SO, + 

0.02 % NH sH2PO; 49.2 20.8 12.7 
Basal + 2% CSL + 

0.1% KH2PO; 53.2 11.0 9.8 
Basal + 2% CSL + 

0.25% MgsSO, 53.1 12.5 8.4 


* Basal medium contained Mason City molasses diluted to 
1 per cent reducing sugar. 

+ Expressed as leucovorin, free acid (C29H23;N 707). 

t DM denotes dry matter. 


the yield more than two and one-half times and 4 per 
cent raised it more than three-fold. Ammonium, potas- 
sium, and magnesium salts did not improve the yield 
above that obtained with corn steep alone. The only 
supplement that increased the PGA factors significantly 
was the combination of ammonium salts, and here the 
effect was most marked on the apparent PGA content. 
The high yield of cells obtained with 4 per cent corn 
steep resulted in a considerable lowering in the content 
of PGA factors. The cell can synthesize the protein 
and other constituents of the cell faster than it can 
make the PGA factors. 

Perhaps a more correct comparison would be ob- 
tained if the figures for the formyl derivative are re- 
calculated on the basis of the potency of the leucovorin 
used as standard. This compound contained more 
than one isomer and an assay with S. faecalis 1 yg of 
leucovorin proved to be equivalent to 0.57 wg of PGA. 
By means of this factor, the relative amounts of the 
PGA factors in the samples can be calculated. The 
method of calculation will be given for the first sample 
in table 4 which contained 10.5 yg of formyl derivative: 
10.5 X .57 = 6.0 ug of PGA activity coming from the 


».( 


) 
formyl compounds ~ X 100 = 46 per cent of the 


( 
13.0 
PGA activity attributable to formyl compounds, leav- 
ing 54 per cent to be credited to PGA factors. Cal- 
culated in this way the values for formyl derivative 
ranged from 35 per cent to 51 per cent and the PGA 
figures from 49 per cent to 65 per cent. 

Effect of added PGA on the synthesis of PGA com- 
pounds. Two yeasts grown on the synthetic medium 
of Olson and Johnson (1949) gave high yields of cells 
and synthesized as much apparent PGA as on Hawaiian 
molasses, indicating that the factors lacking in Mason 
City molasses and the two samples of cane molasses 
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TABLE 5. Effect of added PGA on the synthesis of PGA 
compounds by yeasts grown in synthetic media* 


* Yield Apparent Formy] _ Formy! | 
PGA Added W eight of Based on “PGA cc Con. Compound in 
. Dry Cells Sugar Cell li Fermented Cell 
Fermented a ais Free Medium 


S. cere? isiae GM 


pe 100 ml mg/ 100 ml per cent ug/g DM} ug/g DM ug 100 ml 
0 $2] 43.3 26.8 26.2 0.03 
a0 $29 44.2 25.2 26.4 0.03 
250 149 16.2 24.9 39.8 0.05 
500 $50 16.3 10.0 41.6 0.08 
T. utilis 3 
0 525 54.0 17.5 15.2 0.75 
50 530 54.6 18.7 21.4 1.20 
250 542 55.8 19.9 24.1 1.20 
500 566 58.3 21.5 24.7 1.30 


* Olson and Johnson (1949). 
+ Expressed as leucovorin, free acid (C29H23;N707). 
t DM denotes dry matter. 


may well be some of the known constituents of the 
synthetic medium (table 5). The yields of T. utilis 3 
and S. cerevisiae GM on synthetic medium were within 
+10 per cent of the yields on Hawaiian cane molasses. 
As indicated in columns 2 and 3 of table 5 there was a 
slight stimulation on yield by addition of increasing 
amounts of PGA to the medium. 

Although the addition of PGA to the medium in- 
creased the apparent PGA in the cells about 50 per cent 
with S. cerevisiae and 23 per cent with 7. utilis the 
uptake of added PGA appears to be very small. For 
example, the 421 mg of S. cerevisiae cells without added 
PGA contained 11.4 ug of apparent PGA. With 500 
ug of added PGA the corresponding figure was 18 ug 
an increase of only 6.6 wg. This increase is equivalent 
to only 1.3 per cent of the added PGA. In the 7. utilis 
experiment the uptake was 3 yg, or 0.6 per cent of that 
added. Such a small uptake is in marked contrast to the 
avid uptake of thiamine, niacin and biotin reported for 
S. cerevisiae (Van Lanen ef al., 1942; Van Lanen, 1947; 
Chang and Peterson, 1949). 

Apparent PGA and formyl derivative content of com- 
mercial yeasts. Data on the PGA factors in different 
samples of commercial yeasts are given in table 6. 
Wide variations are noticed in the amounts contained 
in the different yeasts, for example, 3 to 32.1 ug per g 
of apparent PGA and 2.2 to 26.8 ug of formyl derivative. 
The active dry samples contained about as much of 
formyl derivative as apparent PGA, while the foil cake 
samples contained twice as much apparent PGA as 
formyl derivative. The anaerobically grown yeasts 
(brewers’ and ale) are low in both factors as compared 
with those grown aerobically (all others). Because of 
the rich media on which brewers’ yeasts are grown, they 


TABLE 6. Amount of PGA compounds in commercial yeasts 


Yeast Apparent PGA Cae 
ug/g DMt ug/g DM 
Anheuser Busch, primary grown. 32.1 26.8 
Anheuser Busch, bakers’ . ce 14.2 16.4 
Fleischmann, foil cake. 22.5 18 es: 
Fleischmann, active dry. . 17.1 15.8 
Pabst, debittered brewers’ Re 7.4 6.9 
Pabst, nondebittered brewers’ C, 7.0 10.2 
Pabst, ale veast 3.0 2.2 
Red Star, foil cake... 25.9 12.0 
Red Star, active dry 18.2 16.4 
Torulopsis utilis (sulphite waste 
liquor) : ee 24.4 7.6 
Reference, active dry ; 10.7 9.3 


* Expressed as leucovorin, free acid (CopH23N707). 
+ DM denotes dry matter. 


are usually higher in vitamin content than bakers’ 
yeast. If the distribution of PGA activity is calculated 
as given in the discussion of table 4, the variations 
range from 18 per cent for formyl compounds in the 
T. utilis sample to 83 per cent in the Pabst nonde- 
bittered brewers’ yeast. The corresponding figures for 
PGA activity would of course be 82 per cent and 17 
per cent. 


SUMMARY 

Eighteen types of yeast representing different genera 
and species have been grown on molasses media, and 
the apparent pteroylglutamic acid (PGA) content of 
the cells after liberation with enzymes has been de- 
termined. More than 90 per cent of the total PGA was 
found in the cells and only a small per cent was present 
in the cell-free medium. From 70 to 90 per cent of that 
contained in the cells was present in a bound form. 
This was released by treatment with enzymes from 
chick pancreas and hog kidney. 

Yeasts giving high yields of cells (45 per cent or more 
based on sugar) ranged from 4.8 ug apparent PGA per 
gram of dry weight for Rhodotorula gracilis to 53 ug 
PGA per g for Saccharomyces cerevisiae O.P. As a group, 
the saccharomyces yeasts were much superior to 
torulopsis or candida types in ability to synthesize the 
PGA factors. 

Following the advent of differential microbiological 
methods for the PGA and formyl factors, the content 
of these components was determined in yeasts grown 
on different media with and without various additions. 
PGA added to a synthetic medium increased the con- 
tent of both components but the effect was more marked 
with a saccharomyces than with a torulopsis yeast. In 
a beet molasses medium ammonium salts increased both 
the PGA and formyl] derivative contents. 

Eleven samples of commercial yeasts were analyzed 
for apparent PGA and formyl] derivative. The apparent 
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PGA ranged from 3.0 to 32 ug per g of dry yeast and 
the formyl compound from 2.2 to 27. Bakers’ yeast 
contained much more of both factors than brewers’ 
veast. 

In experimental yeasts the PGA compounds ac- 
counted for 31 to 65 per cent of the activity and the 
formyl! factors for from 35 to 69 per cent. In 10 com- 
mercial yeasts the corresponding figures ranged from 
17 to 82 per cent and from 18 to 83 per cent. 
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This paper summarizes results of studies previously 
reported in journals not ordinarily read by micro- 
biologists.! It is likely that some of the procedures are 
unusual because the authors are not microbiologists and 
because of the facilities available for preparing special 
samples in a cable factory. 

Rubber insulated cables buried in soil without the 
protection of a metallic sheath are exposed to various 
hazards which may lead to eventual failure. One type 
of failure that can be forestalled by proper formulation 
of compounds is that caused by soil microorganisms. 

It is sometimes difficult to determine by post exam- 
ination the cause of failure in service of a particular 
cable. Fortunately, it proved possible to study microbe 
attack by laboratory tests in which other harmful ef- 
fects were carefully excluded. By burying wire samples 
with thin insulation in active soil, the rate of failure 
could be so accelerated that insulations which might last 
years in normal service would fail in a few months. 
The tests were reliable since all samples in any set made 
with inherently vulnerable insulation would fail within 
a rather narrow time range. The reliability of the test 
and the relatively short time required made it possible 
to develop more stable compounds without waiting for 
years of service experience under conditions involving 
other hazards. 

The standard criterion of stability in soil was insula- 
tion resistance. This was measured periodically. The 
normal value of the test samples was of the order of one 
million megohms or 10” ohms. Failure was generally 
abrupt, the resistance dropping several decades between 
measurements. Parallel tests on replicate samples in 
water, in sterilized soil, and in active soil established the 
fact that the electrical failures in active soil were caused, 
not by absorption of water or by soil chemicals, but by 
living organisms. These tests were all the more neces- 
sary because failed samples, especially those made 
with synthetic rubber, generally showed no visible 
signs of attack even after the resistance had dropped 
6 or 7 decades. 

Although the resistance test is of great practical im- 
portance it could not reveal the mode of attack or the 
identity of the destructive agents. The experiments 
directed to this end are probably of more interest to 
microbiologists. 


' See references. 


Two distinct types of attack were found: 

1. Visible surface pitting as shown in figures | and 2. 

2. Creation of invisible micropores with no apparent 

sign of erosion. See figure 4. 

The first type, found only in natural rubber, is much 
slower than the second which occurs in both natural 
and synthetic rubber insulation. Natural rubber, 
whether purified and acetone extracted or vulcanized, 
can be consumed by a variety of microorganisms, such 
as bacteria, streptomycetes, and fungi. Unless made 
resistant by toxic materials, natural rubber could even- 
tually fail completely by the first mechanism. In the 
laboratory tests, however, this direct eating through 
was outstripped by the more rapid second type of at- 
tack. The first type was obvious; the more obscure 
second type required more searching investigation. 

When raw Buna-S (GR-S) was exposed to soil or 
inoculated water it rapidly became coated with fungi. 
After acetone extraction, the raw material did not sup- 
port any visible growth, but fungi did grow profusely 
on the evaporated extract. No microorganisms were 
found capable of utilizing the purified GR-S hydro- 
carbon. Butyl rubber and neoprene polymer also ap- 
peared incapable of supporting microbial growth. 

Several ways of locating invisible faults were used. 
A moderately sensitive method was to immerse a failed 
wire sample in salt solution plus phenolphthalein and 
apply 100 to 500 volts de with conductor negative to 
the bath. A red coloration appeared at the leaky spots. 
A more rapid and sensitive way is shown in figure 3. 
With 5000 volts de between sample and metal plate 
corona glow appears at reduced pressure at the failed 
spots. 

The procedure affording most insight was that of 
electrodepositing copper in the faults. Copper particles 
deposit first at the conductor and gradually form fila- 
ments which eventually reach the surface where they 
can be seen. The bright specks on GR-S samples in 
figure 4 are freshly deposited copper. The leaky spots 
could not be seen before being so marked. In some eases, 
notably when the rubber compound had not been 
thoroughly mixed, the copper revealed an astonishing 
number of micropores. Figure 5 shows such a region in 
a sample insulated with a natural rubber compound. 

When such regions were progressively sectioned, cop- 
per particles could be found by microscopic examination 
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Fic. 1. Surface of natural rubber pitted by soil micro- 
organisms. 


all the way through the wall. See figure 6. This proved 
the existence of micropores created by microorganisms. 
Figures 2, 5, and 6 all relate to the same sample. This 
illustrates the fact that micropore failure is more rapid 
and prevalent than direct eating of insulation. This 
sample did not fail at any of the numerous pitted regions 
as shown in figure 2 but in that shown in figure 5. 

It was of great interest to learn what organisms were 
involved and whether they actually passed through the 
insulation without producing any visible surface dam- 
age. This was done simply and, we believe, conclusively 
as follows. 

Tubes of insulation made by pulling the conductor 
out of wire samples were filled with nutrient agar, 
sealed, sterilized, and buried in test soil. The only possi- 
ble way for microorganisms to get inside was by passing 
through the wall. Generally, simultaneous tests were 
made on many replicate samples, half as wire samples 
for insulation resistance measurement, half as agar- 





Fic. 2. Severe pitting found on a sample of natural rubber 
insulation. 











3. Locating faults with de corona, 





. Copper deposits on GR-S sample. Erosion is abset 
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MICROBIOLOGICAL DETERIORATION OF RUBBER INSULATION 


Fic. 5. Electro-deposited copper showing micropores in 
natural rubber insulation. 


filled tubes for culture tests. After some of the wire 
group showed low insulation resistance, the corre- 
sponding tube samples were surface sterilized, cut, and 
squeezed to eject rods of agar into Petri dishes. Figure 
7 shows some typical results. Some of the agar was 
examined immediately for the presence of microorgan- 
isms. The abundance of hyphae as in figure 8 shows that 
the organisms had arrived some time before, since 


Fic. 6. Section of insulation shown in Figure 5 with cop- 
per deposits in micropores intensified by further plating. 


growth longitudinally from points of entry appears to 
be rather slow. The regions of agar showing fungal 
growth were often separated by sterile sections. Un- 
exposed controls and samples not exposed long enough 
to have failed in the corresponding electrical tests gave 
completely negative results in the Petri dishes. 

In a variant of this test, wire samples were first ex- 
posed to soil until some showed low insulation resistance. 
The conductors were pulled out of these, and samples 


Fic. 7. Cultures of agar squeezed from tubes of insulation after 6 months in soil. Top row: natural rubber. Middle row: vul- 


nerable GR-S. Bottom row: stable GR-S. 
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Fic. 8. Fungus hyphae in agar squeezed from exposed tube 
sample. 


equally exposed but not yet having failed, and sterile 
controls. To avoid contamination, the conductor was 
broken in the middle and pulled out the ends. The 
insulation tubes were filled with sterile agar medium, 
clamped at the ends and incubated for one week. The 
failed samples showed separated infected regions of agar 
about one-half inch long. Agar from controls and from 
exposed but nonfailed samples gave completely nega- 
tive results. 

Only a few genera of fungi were found in these tests. 
Those identified were: 


Spicaria violacea Abbott 
Metarrhizium anisopliae 
Fusarium sp. 
Stemphyliopsis sp. 


Spicaria was the predominant genus and was found 
inside tubes of compounds of natural rubber, Buna-S 
(GR-S), and neoprene. 

Bacteria were found inside tube samples afte: ex- 
cessively long exposure in soil, that is, several times as 
long as that necessary to produce electrical failure. 
Bacteria are believed able to penetrate only after fungal 
hyphae have breached the wall, except in the case of 
natural rubber, where some bacteria can directly con- 
sume the hydrocarbon itself. 

It proved possible to demonstrate the presence of 
fungi in walls of Buna-S insulation even when electrical 
failure (low insulation resistance) had not yet occurred. 
This was done by sterilizing the surface, cutting slices 
aseptically at different depths and culturing them. 
Figure 9 shows typical results. The predominant or- 
ganism found was Spicaria violacea Abbott. The colonies 
in the Petri dishes developed presumably from frag- 
ments of hyphae. Fungi were thus found “‘in transit” 
in regions where they had not yet reached the condue- 
tor, and which still showed no signs of lowered insula- 
tion resistance. The insulation resistance does not show 
any appreciable drop until hyphae have reached the 
conductor. Thus, this test only shows complete failure 
in the sense that the wall is breached. Impending fail- 





Fic. 9. Slices cut from !¢ inch wall of Buna-S (GR-S) insulation after 29 months in soil. Six days on nutrient agur. 
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Fic. 10. Cultures of GR-S insulation with jacket removed 


ure can be found by ac or de breakdown tests since the 
presence of hyphae in the insulation greatly lowers the 
dielectric strength. Unfortunately, unlike the re- 
sistance test, the voltage tests destroy the samples. 
At one time, it was felt that a layer or jacket of 
neoprene compound would protect even vulnerable 
insulation against fungus attack. By experiments with 
agar-filled tubes of various neoprene compounds it was 
shown that fungi would grow through at least 364-inch 
walls. A simple functional test was to expose wire 
samples insulated with GR-S under a 0.03 inch neo- 
prene jacket. After 39 months in soil, 5 of 10 original 
samples had failed electrically. Replicates in tap water 
showed normal high insulation resistance. The jacket 
was removed and short pieces of the insulated wire put 
in Petri dishes containing Sabouraud’s agar. All pieces 
from the samples in water were sterile. All pieces from 
both the failed and the not failed soil test samples 
showed fungus growth. Figure 10 shows typical results. 
Although fungi cannot utilize the neoprene polymer 


. Top row: in water 39 months. Bottom row: in soil 39 months. 


itself as food, other materials in the compounds are 
fungus foods. If the mechanical processing could pro- 
duce a perfect texture free from even micro-imper- 
fections it seems probable that fungi could not grow 
through the neoprene layer. It is advisable to use 
fungus-resistant insulation rather than depend on the 
jacket alone for protection. 

In our soil burial tests wire samples with °¢4-inch 
walls of polyethylene or polyvinylchloride have shown 
no loss of insulation resistance after seven years. Some 
silicone insulations also have shown complete stability. 
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Generally speaking, the literature indicates that the 
number of bacteria surviving subfreezing temperatures 
will be functions of: (1) initial numbers of viable cells 
present when frozen (Record and Taylor, 1953; Kropp, 
1950), (2) the rate of the freezing and thawing process 
(Luyet and Gehenio, 1940), (3) the temperature of 
storage, with 0 to —20 C being more destructive than 
the range below —20 C (Hilliard and Davis, 1918; 
Haines, 1937-38), (4) the time or duration of the stor- 
age period (Weiser and Osterud, 1945), and (5) the 
physical protection offered by the menstrua in which 
the microorganisms are frozen. 

The object of this investigation was to determine the 
effects of various additives and suspending fluids on 
both the survival and the growth initiation abilities of 
Escherichia coli which had been sharp frozen and then 
stored at —9 C. The use of glycerin as a protective 
agent against the effects of freezing and thawing has 
been of interest since Keith (1913) first showed that a 
large percentage of “B. coli”? remained viable after 
six months of storage in the frozen state. 

Smith et al. (1951) studied the formation and dis- 
solution of ice crystals in the presence of glycerin. They 
observed that channels and spaces formed into which 
cells (fowl spermatozoa, rabbit red blood cells, and 
ameba) could lodge and thus escape the effects of 
ice crystallization. 

Luyet and Gehenio (1952) concluded that the pro- 
tective action of glycerol against freezing injury de- 
pended on its penetration into the tissues, relatively 
low toxicity at subfreezing temperatures, and a low 
eutectic point. 

Lovelock (1953) believed that glycerol exerted its 
full protective action against hemolysis of red blood 
cells from freezing and thawing only when present 
within and without the cell. 

Hollander and Nell (1954) theorized that the pro- 
tection offered by glycerol against the effects of freez- 
ing could be explained by its physical characteristics, 
when in solution. They believed that the death which 
occurred during freezing and thawing resulted from 
mechanical compression on the microorganisms. 


1 Presented at the annual Meeting of the Society of American 
Bacteriologists, Pittsburgh, Pennsylvania, May, 1954 

2 Present address: Antibiotic Manufacture and Develop- 
ment Division, Eli Lilly & Co., Indianapolis, Indiana. 
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Other compounds found to offer protection against 
freezing and thawing injury to microorganisms, as well 
as other tissues, were normal saline, commercial glu- 
cose (Keith, 1913; Luyet and Keane, 1952), sucrose 
(McFarlane, 1941), ethylene glycol (Luyet and Keane, 
1952), and acetamide and urea (Keane, 1953). 

Natural substances which have been found to give 
protection to microorganisms against the effects ot 
freezing were milk and cream (Hilliard et al., 1915: 
Hilliard and Davis, 1918), various foods and _ fruit 
juices (Tanner and Wallace, 1931; McFarlane, 1940), 
and many of the frozen foods (Lochhead and_ Jones, 
1936). 

Viability has been the major criterion for studies 
related to the effect of freezing on microorganisms. 
Yet, little is known about the cultivation of cells made 
weak by the effects of freezing or other physical agents. 
Curran and Evans (1937) studied the importance of 
enrichment in the cultivation of bacterial spores, pre- 
viously exposed to lethal agencies, and found surviving 
spores to be much more exacting in their nutritive re- 
quirements. Perhaps a comparable development. hap- 
pens to defrosted bacteria. Examinations of frozen foods 
and ice cream have been carried out either by methods 
used in clinical laboratories or by the procedures in 
“Standard Methods for the Examination of Dairy 
Products” (A.P.H.A. 1948). That these methods might 
not be adequate for frozen bacteria has become evi- 
dent. Gunderson and Rose (1948) showed that existing 
procedures were quite inadequate and that violet-red- 
bile agar was quite inhibitory for the growth of de- 
frosted pathogens. Hartsell (1951) reported on _ the 
inhibitory nature of several selective media and showed 
that a highly enriched medium was superior for the 
detection of weakly viable defrosted cells. 

Growth initiation of defrosted cells also depends on 
the type of storage menstruum. Hartsell (1951 a and b) 
showed that several pathogens (Salmonella typhosa, 8. 
aertrycke, S. oranienburg and Micrococcus pyogenes vat. 
aureus) stored in frozen whole eggs could initiate growth 
at very fast rates, once defrosted. Sulzbacher (1952) re- 
ported the contrary when he studied defrosted meat 
samples. He concluded that defrosted microorganisms 
did not initiate growth as fast, in meat, as those in non- 
frozen samples. 

The experiments to be reported here were designed 
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Fic. 1. 


to examine the effects of various materials on survival 
as well as on subsequent growth initiation rates, that is, 
changes in generation and lag times as influenced by 
storage menstrua. 


EXPERIMENTAL METHODS 


Cell suspensions for freezing were made in YEVI 
Yeast Extract Veal Infusion) broth and in phosphate 
buffer (Sorensen’s M/15, pH 7.0) to which either gela- 
tin, glycerin, or soluble petroleum oil was added (5 per 
ent W/V). 

Cells for suspending in the various menstrua were 
obtained by growing LF. coli _* 7006, at 37 C, in a large 
vell-aerated jug for 24 hours. They were harvested, 
aseptically, by 
Methods (1948) dilution water and then resuspended 
in phosphate buffer. An aliquot of 50 ml of cells in 
u/15 phosphate buffer was added to 450 ml of menstrua 
to be frozen, thus giving the same degree of phosphate 
ontamination in the YEVI in all the trials. Platings 
indicated that each menstruum contained approxi- 
mately 1.5 billion cells per ml, before freezing. 

All samples were sharp frozen at —25 C for 18 hours 
awd then transferred to —9 C for storage. Defrosting 
was carried out in a 37 C water bath as quickly as possi- 


centrifugation, washed in Standard 


ble (approximately 10 minutes) and each sample 
centrifuged. After washing the residue of cells twice, 
they were resuspended in Standard Methods (1948) 
dilution water to give a reading of 30 per cent T on a 
Coleman Spectrophotometer,® Model 14, at a wave- 
length of 410 millimicrons. 

These standardized suspensions were used for stor- 
we survival studies and inoculation of fresh growth 
medium (YEVI with 1 per cent dextrose) for the growth 
initiation studies. The size of the inoculum was always 


3Coleman Instruments, Maywood, Illinois. 
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adjusted to give approximately 10° to 10* viable cells 
per ml. 

Generation times were calculated according to the 
method described by Buchanan and Fulmer (1928). A 
modification of the Hinshelwood method (1946) for 
lag determination (to be reported elsewhere) was em- 
ployed in these studies. The average generation time of 
the nonfrozen controls (24-hour EF. coli grown simul- 
taneously with the defrosted cells) was observed to be 
17.6 minutes and the average lag time 93 minutes. 


RESULTS 


Survival of Defrosted Cells 


EXPERIMENTAL 


Single strength YEVI broth offered little protection 
against the effects of freezing and storage, although 
better survival conditions were observd with the con- 
centrated medium (figure 1). Survivalef FE. coli stored 
in phosphate buffer (figure 2) indi oated that this 
menstruum, without additives, had a mearked influence 
in protecting the cells against the effects of storage 
death (the terms “freezing” and “storage death” are 
taken from Weiser and Osterud, 1945). 

Gelatin had good protective action for survival when 
added to YEVI broth. This indicated that it could 
compensate for some of the killing effects evident when 
this suspending fluid was used alone. When combined 
with buffer, gelatin did not appear to be of additional 
benefit, probably because the phosphate buffer, without 
additives, offered good protection against freezing and 
storage kill. 

That glycerin was effective as a protective agent 
against freezing and storage death was quite evident 
in both series. The best results for survival of EF. coli 
were obtained from the combination of glycerin and 
phosphate buffer, that is, 80 per cent of the initial sus- 
pension was viable at the end of four months storage. 
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Fic. 2. The effect of additives on the survival 


Soluble petroleum oil offered no protection against 
the effects of freezing under our experimental condi- 
tions; no viable cells were observed at the first plating 
of the defrosted suspension. 


Generation Times of Defrosted Cells 


Yeast Extract Veal Infusion broth, without additives, 
appeared to be typical of the effects of frozen storage 
on resulting generation times (figure 3). Initial lengthen- 
ing of generation time, during early storage appeared 
to be characteristic of defrosted cells. This was followed 
by a period of shortened generation times which became 
progressively longer after 60 to 80 days of storage. 

Generation times of cells stored with concentrated 
medium had a similar pattern; however, the magnitude 
of the changes was much greater than in the normal 
strength medium. 

Generation times of cells stored in phosphate buffer, 
without additives, showed the same type of growth 
initiation pattern as that observed in the YEVI broth 
series (figure 4). However, the lengthening of the gen- 
eration time was much less and in general, phosphate 
buffer appeared to protect cells against drastic devia- 
tions from the average generation time of nonfrozen 
controls. 

The addition of gelatin with YEVI broth augmented 
the initial lengthening of generation time, characteristic 
of this suspending fluid. On the other hand, gelatin in 
combination with phosphate buffer produced very 
favorable conditions for subsequent growth in that only 
slight deviations in generation times were observed. 

Glycerin apparently compensated for the inhibitory 
effect of the YEVI suspending broth. While generation 
time was not shortened, the values observed were near 
those for nonfrozen cells. The combination of glycerin 


and phosphate buffer had a very marked effect on E 


of EF. coli when frozen in phosphate buffer. 


shortening the generation time. During early storag 
periods, this combination apparently conditions de- 
frosted cells for faster growth. However, after 60 days 
of storage, this effect was not observed in that the gen- 
eration time was the same as nonfrozen cells. 
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Fic. 4. The effect of additives on the generation times of 
E. coli when frozen in phosphate buffer. 
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Fie. 5. The effect of additives on the lag times of E. coli 
when frozen in YEVI broth. 
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Fia. 6. The effeet of additives on the lag times of E. coli 
when frozen in phosphate buffer. 


Lag Time of Defrosted Cells 


Lag times from cells stored in the two concentrations 
of YEVI broth indicated that these suspending fluids 
were quite inhibitory for subsequent growth initiation, 
particularly during the early storage periods (figure 5). 
However, after 60 days of storage, defrosted cells no 
longer showed inhibition, but had very short lag times. 
Phosphate buffer limited the magnitude of the devia- 
tions observed when YEVI was the suspending fluid 
(figure 6). Apparently storage with phosphate buffer 
produced favorable conditions for subsequent growth 
initiation. Defrosted cells from the phosphate buffer 
series had lag times close to the average for the non- 
frozen controls. 

In both series of suspending fluids, gelatin had a 
compensating effect on lag time. The degree of action 
was more noticeable in YEVI broth where lag time was 
reduced about one half that time observed where ad- 
ditives were not used. When combined with phosphate 
buffer, cells which had been stored with gelatin had 
almost normal lag times, even after four months of 
storage. 

Glycerin as an additive produced only slight changes 
on lag time when combined with YEVI broth. When 
added to phosphate buffer, average values for lag time 
were observed during the first half of the investigation. 
However, a gradual increase was observed by the end 
of four months. 


DiIscussION 


The action of phosphate buffer in preventing storage 
kill while at the same time allowing normal growth 
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characteristics of defrosted cells was quite unexpected. 
The mechanism of this protective action was not ap- 
parent from these experiments; however, a plausible 
explanation could be prevention of denaturation and/or 
flocculation of various cellular protein complexes, at 
the storage temperature of —9 C, and thus allow for 
greater viability. 

The data concurs with that from other investigators 
that the action of glycerin appeared to be physical and 
limited the extent of ice formation. The direct micro- 
scopic observations of Smith et al. (1951) showed that 
glycerin prevented formation of large ice crystals, thus 
lessening the initial freezing effect on the animal cells 
suspended with it. 

Gelatin appeared to give protection against storage 
death, in both suspending fluids. Since it is a true colloid, 
gelatin has little effect on the colligative properties of 
the solutions to which it is added. However, true col- 
loids can affect the osmotic pressure of sols primarily 
by their large particle size. The use of glycerin as an 
additive formed a true solution and affected the colliga- 
tive properties of the solution. On a w/v basis, many 
more particles of glycerin had been added to the sys- 
tem than particles of gelatin. Thus, gelatin interferred 
with ice formation by binding water without neces- 
sarily changing the colligative properties of the system. 
The effects of gelatin upon growth initiation appeared 
to be governed by the nature of the suspending fluid. 
It did not compensate, to any great degree, the in- 
hibitory effect of YEVI broth on generation time, al- 
though it did offset deviations in lag time. When added 
to a favorable suspending fluid, gelatin aided in pro- 
tecting cells from changes in the ability to initiate 
growth. 

Generally speaking, YEVI broth produced inhibitory 
effects on growth initiation during early storage periods 
and offered little protection against freezing and stor- 
age death. As frozen storage continued, the growth 
initiation rates of defrosted cells approached and even 
became shorter than those of nonfrozen cells. This 
indicated that some kind of adjustment to the frozen 
environment had taken place, even though the mor- 
tality rate was quite high. The possibility that some of 
the nutrients of the YEVI broth could have been used 
to bring about this adjustment cannot be ruled out 
since both lag and generation times, from cells stored 
in other menstrua, were in the final lengthening stage 
after 60 days of storage. 

The effect of soluble petroleum oil probably can be 
explained on the basis of its acting as a hydrophilic 
sol. This type of oil (common in machine shop prac- 
tice) has been shown to support microbial growth 
(Duffer et al., 1943; Fabian and Pivnick, 1953). When 
added to water, an oil-in-water type of emulsion results. 
Probably, during the formation of ice crystals, it re- 
verted to a water-in-oil type system; thus, all avail- 


able water could have been bound by the oil causing y 
rapid irreversible dehydration of the bacteria luring 
the freezing process. 


Mode of Action of Freezing Death 

The writers believe that freezing kill is not ei:tirely 
the result of mechanical destruction by ice rystal 
formation per se, but probably is due to an uneven dis. 
tribution of the solutes contained in the intererystallic 
film. Freezing kill proceeds until the colloids of the bae- 
terial cell come to equilibrium with the solutes with 
which it is confined. 

The effect of adding materials to suspending fluids 
is to alter or limit the manner in which ice erystalliza- 
tion takes place. Additives permit a more rapid equiliza- 
tion of solute concentration to take place as ice forma- 
tion proceeds. Results indicated that the interference 
of ice formation by either a material which formed 4 
true solution with alteration of colligative properties, 
or by a substance which had no effect. on colligatiy: 
properties afforded a protective action against freezing 
and storage death. 

If the concentration of the solutes surrounding the 
cell (during ice formation) is higher than the colloids 
within the bacterial cell, dehydration takes place 
(Weiser and Hargiss, 1946). The over-all effect would 
be the reduction in turgor pressure and under such 
conditions, only limited mechanical pressure would be 
exerted on the cell by extracellular ice. 

Conversely, if the colloids within the bacterial cell 
were in higher concentration than the surrounding 
solutes, moisture could be drawn into the cell which 
would then increase its turgor pressure. Death from 
freezing could result either by puncture of the swollen 
cell by the ice crystals in which the bacterial cell would 
be confined, or perhaps from the freezing of the pro- 
toplasm, which became diluted as moisture was drawn 
into the cell. 

It is apparent from these studies that subsequent 
growth initiation is dependent on the nature of the 
menstrua in which bacteria are suspended and stored. 
Frozen storage appeared to have a stimulatory effect 
on growth initiation, although it was a function of the 
duration of storage period. Additional experimental 
evidence indicated that stimulating materials accumu- 
late during frozen storage. These experiments are to be 
reported elsewhere. 
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SUMMARY 


Survival and subsequent growth initiation abilities 
of defrosted cells were shown to be conditioned by 
storage menstrua. Escherichia coli was suspended in 
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Yeast Extract Veal Infusion broth or Sorensen’s M/15, 
pH 7.0 phosphate buffer, sharp frozen at —25 C and 
stored at —9 C. To these suspending fluids prior to 
freezing, 5 per cent concentrations of either glycerin, 
gelatin, or soluble vegetable oil were added and their 
protective effect observed. 

The combination of phosphate buffer and glycerin 
offered the best protection against the effects of freez- 
ing and storage death. Inorganic phosphate, without 
additives, was shown to give protection against storage 
death as well as to limit deviations in generation or lag 
times. Yeast Extract Veal Infusion broth, without ad- 
ditives, did not offer much protection against storage 
death and inhibited the subsequent growth initiation 
of defrosted cells during early storage periods. 

The mechanism by which additives might protect 
against freezing injury as well as the mode of action of 
freezing death was considered. 
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Since the report by Goetz (1947) on the nature and 
use of membrane filters in Germany, a number of papers 
have appeared in this country on membrane filter tech- 
nics for the bacteriological analysis of water. Interest 
in the use of these membranes was particularly stimu- 
lated in 1951 following the publication of papers by 
Clark ef al. (1951) and Goetz and Tsuneishi (1951). 
These investigators described membrane filter pro- 
cedures for the determination of coliform and other 
bacteria in water and concluded that they might have 
distinct advantages over the MPN procedures of 
Standard Methods for the Examination of Water and 
Sewage (A.P.H.A. 1946). Further studies on the use of 
membrane filters for the bacteriological examination of 
water have been reported in this country by Clark et 
al. (1952); Goetz et al. (1952); Slanetz (1952); Bush 
(1952); Goetz (1953); Yee et al. (1953); Laubusch ¢t al. 
(1953); Hajna and Damon (1954); Levin and Lau- 
busch (1954); and Kabler (1954). 

In Europe, Zsigmondy and Bachmann (1918) were 
the first to develop procedures for the efficient produc- 
tion of membranes for bacteriological purposes. E]- 
ford in England and Grabar in France also developed 
technics for the production of similar membranes on a 
small seale. As a result of Zsigmondy’s efforts while at 
the University of Goettingen, the membranes were 
produced on a commercial basis by the Membranfilter- 
Gesellschaft, Satorius-Worke, Goettingen, Germany. 
This plant is still in active operation and the senior 
author had an opportunity to visit it while in Germany 
in 1952. Membrane filters were apparently first used to 
test for coliform bacteria in water in Russia in 1933. 
They have been used to a considerable extent for this 
purpose in Germany since 1943. Grossmann and Beling 
(1944) published a paper on procedures for determina- 
tion of coliforms and members of the typhoid-para- 
typhoid group in drinking water by means of membrane 
filters. Other papers on this subject were published in 
Germany by Kruse (1949), and Fast (1953). These in- 
vestigators concluded that the membrane filter method 
is a rapid and efficient means for the determination of 
the sanitary quality of drinking water. 

Taylor et al. (1953) compared membrane filter tech- 


1 Presented at the 54th General Meeting, Society of Ameri- 
can Bacteriologists, Pittsburgh, Pennsylvania, May 2-7, 1954. 
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nies with the standard procedures used in Britain, 
They concluded that on the basis of their prelimi- 
nary work, their results were promising. In France, 
Brittiaux ef al. (1953) published a paper on determina- 
tion of coliform counts of water using membrane filters 
prepared at Goettingen. They found that the results 
were comparable in 96 out of 100 waters from all 
sources on both the membrane filter and classical 
technics and recommended this new technic for coli- 
form determinations in water. 

From the above investigations, it is evident. that 
membrane filters hold considerable promise for im- 
proving bacteriological technics for water analysis. 
However, further information is needed regarding the 
most suitable culture media, methods of incubation 
and comparative efficiency of these filters for coliform 
determinations. In the present study, we compared 
the efficiency of the Bac-T-Flex? and the Millipore® type 
membrane filters. Different types of selective media 
were tested for growth of the coliform organisms on 
the filters. Optimum time, temperature and humidity 
for the incubation of the cultures were also studied. 
The number of coliforms obtained by the membrane 
filter technic was compared to the Standard Methods 
fermentation tube MPN procedures for samples of 
water from different sources. 


MATERIALS AND METHODS 


Membrane filters and apparatus. The Bac-T-Flex 
filters represent the type of filters prepared at Goettin- 
gen, Germany. In the early part of our studies, these 
filters had no grid markings and had to be boiled be- 
fore use. In collaboration with the company, a con- 
venient grid pattern was suggested for these filters. 
They are now supplied with an 8 mm square grid and 
‘an be sterilized and used without preliminary boiling. 

The Millipore and Bac-T-Flex filters were sterilized 
by placing them between absorbent pads, wrapping in 
desired numbers in Kraft or other wrapping paper and 
autoclaving at 121 C (15 lb pressure) for 10 minutes. 
At the end of the sterilization period the steam pres- 
sure was reduced rapidly to prevent condensation 

2 Carl Schleicher and Schuell Company, Keene, New Hamp- 
shire. 

3 Lovell Chemical Company, Watertown, Massachusetts 
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of water on the membranes. When ready for use, the 
filters and pads can be easily handled by placing 
them in sterile Petri dishes. 

The filter apparatus supplied by the Carl Schleicher 
and Schuell Company and Lovell Chemical Company 
were used with the membrane filters. This apparatus 
was sterilized by autoclaving at 121 C for 10 minutes. 

Culture media. Difco or BBL dehydrated M-Enrich- 
ment media were employed for tests to determine the 
yalue of preliminary enrichment of the cultures before 
cultivation on pads containing selective media. The 
selective media tested included dehydrated Difco and 
BBL M-Endo broth,‘ the modified Endo broth recom- 
mended by Clark ef al. (1951) and Kabler (1954), 
MacConkey broth as prepared by Taylor et al. (1953), 
Difeo M-EMB broth, desoxycholate lactose broth as 
recommended by Hajna and Damon (1954), and a 
Tergitol-7, TTC (triphenyl tetrazolium chloride broth). 
Penicillin, brilliant green, tergitol-7 or oxine (8-hydroxy- 
quinoline) were also added to Difco M-Endo broth to 
determine whether these agents would inhibit some 
of the noncoliform bacteria that develop on the filters 
with this medium. 

Cultivation procedures. The various culture media 
tested were added in 2.2 ml amounts to sterile (Schlei- 
cher and Schuell) absorbent pads No. 470. Following 
the filtration of the desired amount of the water sample 
using vacuum produced by a filter pump on water 
pressure, the membrane filter was transferred by recom- 
mended procedures to the pads containing the test 
media. Incubation was generally carried out at a 
temperature of 35-37 C by placing the cultures on a 
shelf in a water bath with a cover, the plates being 
held about 1 inch above the water level. Optimum 
incubation periods were determined for the different 
test media. 

After incubation, colony counts were obtained using 
a stereoscopic microscope magnifying 16X. A bright 
light almost perpendicular to the surface of the filter 
was used for best detection of colonies with a sheen. 

Source of water samples. The water samples tested 
were chiefly from river, brook or reservoir sources. 
Some of the samples were collected in collaboration 
with the New Hampshire Water Pollution Board as 
part of a survey of the sanitary quality of streams and 
rivers in the eastern section of the state. 

RESULTS 

Comparison of Bac-T-Flex and Millipore filters for 
quantitative coliform determinations. With the first 
lots of filters used during this study, higher counts of 
coliform bacteria were obtained on the Bac-T-Flex 
filt-rs for samples of river and reservoir water than on 

[hese media were supplied through the courtesy of Difco 


Laboratories, Detroit, Michigan and Baltimore Biological 
Laboratories, Baltimore, Maryland, respectively. 


TABLE 1. Comparison of coliform counts on Bac-T-Flex and 


Millipore filters* 


First Series of Tests Second Series of Tests 


Water Source 1953 1954 


Bac-T-Flex Millipore | Bac-T-Flex | Millipore 


River 1 re ae 247 57 160 130 
River 2 - a 381 156 270 190 
River 3 327 144 545 560 
River 4 : : 373 239 510 380 
tiver 5 : 1383 1056 545 665 
teservoir 1l..... te 35 23 20 


* All counts based on average of duplicate filters and 
represent numbers of coliforms per 100 ml of water. Difco or 
BBL M-Endo broth was used as test medium. 


the Millipore filters. While preliminary cultivation 
on an enrichment medium for two hours increased to 
some extent the number of coliforms developing on 
the Millipore filters, the numbers were generally still 
lower than counts obtained on the Bac-T-Flex filters 
without enrichment. 

Later in this study, shipments of filters from the 
two companies gave more comparable results. On a 
number of tests, no coliforms could be detected in 
filtrates of water passed through either type of filter. 
Examples of typical results obtained are given in table 
1. Clark et al. (1952) compared the development of 
coliform colonies on the Millipore and European type 
filters. Their studies were based on the European filters 
that had to be boiled before use and on which there 
were no grid markings. They found that their bacterio- 
logical data were in reasonably good agreement for each 
type of filter. They did obtain faster filtration through 
the Millipore filters. 

An 8 mm square grid pattern on the Bac-T-Flex 
filters, representing 909 of the filtration area, facilitated 
counting of the colonies. These filters also were more 
flexible and durable than the Millipore type. The 
speed of filtration was somewhat faster through the 
Millipore filters. 

The metal type Schleicher and Schuell or Lovell 
Chemical Company filter apparatus was preferred to 
the glass type filter apparatus. The S&S filter appara- 
tus permits a larger filtration area on the membrane 
than the Millipore and, being funnel-shaped, affords 
better draining of the water sample. 

Effect of preliminary enrichment on coliform counts. 
In contrast to the results reported by Clark e¢ al. 
(1951), we found no advantage in the preliminary 
culturing of the membranes on an enrichment medium 
for 2 hours before incubation on pads with the selec- 
tive media. This was particularly true when the Difco 
or BBL M-Endo broths were used. In many cases, higher 
coliform counts and fewer noncoliform colonies were 
obtained on the membranes placed directly on the 
pads containing the Endo broth. There was also less 
difficulty with spreading colonies on such cultures. 
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TABLE 2. Comparison of coliform counts on filters with and 
without preliminary cultivation on enrichment media* 


Water Source Enrichment No Enrichment 


Bac-T-Flex 


Millipore | Bac-T-Flex | Millipore 
ee. 6 5 ll 7 
esrwor?........... 44 38 41 38 
Reservoir 3...... ~. 84 | 64 88 42 
OS ae eee 390 405 455 430 
SRN MBAR Do a techsie iets 595 455 665 500 
Maver s........ ae 50 14 64 24 
Sa 270 108 420 168 
SS ee 52 14 80 10 
SS Si 100 36 96 58 


* Counts are based on numbers of coliforms per 100 ml of 
water and represent average count of duplicate filters using 
Difco Enrichment broth and Difco or BBL M-Endo broths. 


Thus, the use of a commercially prepared dehydrated 
medium and elimination of preliminary enrichment 
cultures greatly reduces the effort and labor involved 
in coliform determinations by the membrane filter 
technic. Some of the results obtained in our tests are 
shown in table 2. The preliminary enrichment was on 
pads containing Difeo M-Enrichment broth incubated 
for a two-hour period before culturing on pads with 
the Endo broth. Hajna and Damon (1954) reported 
favorable results with a single step technic using ¢ 
desoxycholate lactose broth. 

Comparison of different types of selective culture media 
for coliform density estimations. Of the various selective 
media tested for the estimation of the number of coli- 
form bacteria in water, the dehydrated M-Endo broth 
supplied by Difco and BBL Companies gave the 
most satisfactory results. Higher coliform counts were 
obtained with these media or the colonies were more 
distinct than with MacConkey, Eosine Methylene 
Blue, Desoxycholate Lactose broth or the modified 
EHC-Endo broth as prepared in our laboratory. As 
indicated above, the Endo broth could be used without 
the need of preliminary cultivation of the filters on an 
enrichment medium. With the Difco or BBL M-Endo 
media, the optimum incubation period was found to 
be about 22 to 24 hours at a temperature of 35 to 37 C. 
The colonies of the coliform bacteria appeared to 
develop somewhat more rapidly on the BBL M-Endo 
broth. Under the proper light, the coliform colonies 
produced a sheen that was clear and distinct. It is 
interesting to note that good results were also obtained 
when the filters were placed on Endo agar in Petri 
dishes. The coliform colonies developed typical sheens 
and they could also be counted on the back of the filter 
by holding the plate up to good light. 

The coliform colonies on filters placed on pads with 
the MacConkey, EMB, or Desoxycholate Lactose 
broth were more difficult to detect and differentiate 
from noncoliforms than was the case with the Endo 
broth media. On the triple strength MacConkey 


medium as used by Taylor et al. (1953), the cv onies 
of coliforms were large, yellow, with or without | rown 
centers. These were easily distinguished from the blye 
background colonies, but numerous small, yellow colo- 
nies of gram positive cocci developed which mace the 
filters difficult to count. The total number of coliforms 
was considerably less with the MacConkey medium 
than with the Difeo or BBL M-Endo broths. When 
Difco M-EMB broth was used, the coliform colonies 
were large and copper colored. However, many blue 
noncoliform colonies developed which were difficult to 
differentiate from the typical coliform organisms. 

On the filters with Desoxycholate Lactose broth, 
the coliform counts were comparable to the Endo 
broth counts. However, a number of very small colo- 
nies with a sheen appeared on the membranes. On 
subculture, these organisms produced no gas in lactose 
broth; also certain large dark colonies without a sheen 
proved to be coliform bacteria. While Hajna and Damon 
(1954) reported good results with this medium, it 
would appear that further studies are needed to estab- 
lish its efficiency as compared to the Difco or BBL 
M-Endo broths. 

Attention was given to the coliform counts obtained 
on amedium containing Tergitol-7 and 2 ,3 ,5-triphenyl- 
tetrazolium chloride (TTC) as recommended by Chap- 
man (1947) and Kulp et al. (1953). This medium con- 
tained 1 per cent proteose peptone *3, 2 per cent lac- 
tose, 0.6 per cent meat extract, 0.5 ml of 1:100 brom- 
thymol blue, Tergitol-7 0.01 per cent and TTC 0.0025 
per cent at pH 7.2. The latter two reagents were added 
to the medium after sterilization. This was similar to 
the medium used with membrane filters by Brittiaux 
et al. (1953) except we used the liquid medium with 
pads while the latter workers placed their filters di- 
rectly on an agar medium in Petri dishes. This medium 
was also tested using 0.004 per cent TTC. On filters 
with this medium, coliform colonies are yellow with 
orange or red centers and the other organisms develop 
as red colonies. The coliform counts obtained were 
somewhat comparable to those obtained on the Endo 
media. However, the Tergitol-7 did not inhibit growth 
of noncoliforms on the filters; in many cases it was 
also difficult to identify the yellow, coliform colonies 
since some of the water samples caused the entire filter 
to become yellow. 

An attempt was made to increase the selectivity of 
Endo broth for coliform bacteria by the addition of 
various concentrations of brilliant green, penicillin 
or oxine. Yee ef al. (1953) reported that an Endo 
medium containing oxine reduced considerably the 
growth of noncoliforms frequently developing on the 
filters from certain waters. Kabler (1954) also stated 
that brilliant green was added to Endo broth to make 
the medium more inhibitory to noncoliforms during 
the latter part of the field study of the Standard 
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TABLE 3. Effect of length of incubation time on coliform counts* 


Bac-T-Flex Filter Incubation Periodt 


Water Source 


18 hr 20 hr 22 hr 


River 1 Filter (a)..... 220 280 320 
Filter (b)... 320 370 400 
River 2 Filter (a).. 210 240 280 
Filter (b).. 190 200 250 
Rivero Pilter (@).:...5... 10 60 80 
Filter (b).. 110 140 140 





Millipore Filter Incubation Periodt 
| 


mhr |  18hr 2~hr  36| 9 22hr he 
360 290 | 310 | 320 320 
450 300 +~=| ~~ 310 | 310 300 
290 | 10 120 | 200 | 200 
260 10 «=6|~—S«130—S«| S200 220 
110 60 70 130 130 
140 130 150 200 200 


* Tests were made on duplicate samples of water using Difeo M-Endo broth and counts represent coliforms per 100 ml of water. 


+ Incubation temperature 35 to 37 C. 


Methods Committee for the Examination of Water and 
Sewage. However, we were unable to show any sig- 
nificant advantage resulting from the addition of any 
of the above compounds to Endo broth for determin- 
ing coliform densities in water. 

Effect of incubation conditions on coliform counts. 
When the Difco or BBL M-Endo broth was used without 
preliminary enrichment of the cultures, the optimum 
incubation period was found to be 22 to 24 hours at a 
temperature of 35 to 37 C. The data listed in table 3 
are representative of the results obtained. The num- 
bers of coliforms were counted on each filter after 18, 
20, 22, and 24 hours incubation. The counts also indi- 
cate the differences in the total numbers of coliform 
colonies often developing on different filters when the 
same water sample is used. 

Incubation of the filter cultures at 35 C or 37 C 
had little effect on the total coliform counts. In tests 
on a limited number of samples, we also found that the 
relative humidity of the atmosphere during incubation 
had little influence on the total coliform counts. For 
these tests, duplicate filters were incubated in an at- 
mosphere with saturated relative humidity (water 
bath) and in a regular bacteriological incubator with 
normal humidity conditions. Approximately the same 
number of coliforms developed in both cases. When 
the filters were incubated at a temperature of 41 C 
fewer coliform colonies developed, but colonies of non- 
coliforms were practically absent. In tests on a sample 
of river water, the IMViC reactions were made on all 
sheen colonies developing on filters incubated at 37 C 
and 41 C. At the 41 C temperature, 81 per cent of the 
colonies were classified as Escherichia coli; at the 37 C 
temperature, 52 per cent were identified as EH. coll. 
Examples of some of the results obtained are given in 
table 4. 

Reproducibility of coliform counts on replicate mem- 
brane filter determinations. No extensive studies were 
conducted to determine the variations in coliform counts 
that occur on replicate membranes prepared from the 
same water sample. However, the data presented in 
tables 5 and 6 give some indication of the reproduci- 


bility of counts that was obtained on a limited number 
of tests. For these tests, the S&S filter apparatus was 
rinsed with 50 ml of sterile water after filtration of 
each 10 ml portion of the test sample before removing 
the filter. The filter apparatus funnel was rinsed in 
boiling water between each filtration. 

In general, the counts of coliform bacteria obtained 
on replicate filters were in reasonable agreement. Essen- 
tially the same amount of variation in counts as re- 
corded in Table 5 was obtained on duplicate filters 
for the various other samples of water tested during 
this study. As is noted in Table 6, the range of 95 per 
cent confidence limit based on a series of 18 replicate 
tests on 10 ml portions of the same water sample was 
46.5 to 71.9 for a single determination. More extensive 
studies are needed to further establish confidence lim- 
its for the membrane filter test and to determine fac- 
tors which may influence differences in coliform counts 
on replicate determinations. 

Comparison of membrane filter and standard MPN 
procedures for estimation of numbers of coliforms in 
water. During these studies, the numbers of coliform 
bacteria obtained by the membrane filter technic were 
compared to the numbers obtained by standard MPN 
procedures for a number of different water samples. 
Difco or BBL M-Endo broth was used with the filters 
and five-tube MPN estimations for coliform density 
were made as recommended by Standard Methods of 


TABLE 4. Coliform counts obtained on Bac-T-Flex filters 
incubated at different temperatures and under different 
conditions of atmosphere humidity* 





Incubation Conditions 


41 C saturated 


Water Source Lear tees 
| 35 C saturated | 35 C normal 





humidity | perce humidity 
Reset}... .2.5.<.. 270 =| ~—-260 225 
Reservent 2s ....6606.0 14 18 10 
Reservoirs. ... >... 065. 23 27 12 
La a ar ae 60 50 25 


PURVES an cea 160 | 170 130 


* Numbers per 100 ml of water based on the average count 
on duplicate filters. 
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TaBLeE 5. Coliform counts on duplicate Bac-T-Flex and 
Millipore filters using a river water sampled at 
different test periods* 


Bac-T-Flex Filters Millipore Filters 


Sample 

Period . — : . - 

a b a b 

1 65 44 55 57 

2 46 56 38 38 

3 60 46 55 51 

4 57 56 79 54 

5 50 53 64 69 

6 36 45 32 31 

7 50 41 42 44 

8 65 54 55 57 

9 40 40 49 57 

10 46 56 38 40 

11 57 56 79 54 

12 61 57 64 69 





* Numbers indicate coliform counts per 10 ml of water 
sample using BBL M-Endo broth. 


the A.P.H.A. (1946). All tubes showing gas were con- 
firmed using Brilliant Green Bile 2 per cent (Difco). 
The results obtained are recorded in table 7. 

While the coliform estimates were generally some- 
what lower by the membrane filter procedure, the re- 
sults are in good agreement if they are compared on the 
95 per cent confidence limits of most probable number 
as suggested by Kabler (1954) (0.3 and 2.9 times the 
calculated MPN). The results on the reservoir water 
are the only ones not in close agreement. However, 
the MPN estimates on samples from this source were 
quite variable. Thus, although the average MPN was 
130 per 100 ml for the 8 samples tested, certain samples 
gave an MPN as high as 540. No counts higher than 
60 per 100 ml were obtained by the filter method. 
Aerobacter aerogenes type organisms were generally 
present in this water. 

Classification of sheen-producing colonies isolated 
from membrane filters. During the course of this study, 
193 colonies with a sheen were isolated from the mem- 


TABLE 6. Results of 18 replicate tests for coliforms on the same 
water sample using Bac-T-Flex filters* 


Filter Number Coliform Count | Filter Number Coliform Count 


| 
| 


56 10 60 


1 

2 61 | 11 55 
3 73 | 12 | 63 
4 63 | 13 51 
5 65 | 14 57 
6 63 | 15 53 
7 57 16 56 
8 47 17 65 
9 60 18 61 


* Numbers indicate coliform count on each membrane after 
filtration of 10 ml of the river water sample. BBL M-Endo broth 
was used as the test medium. The average coliform count is 
59.2 and the range of 95 per cent confidence limit based on the 
above tests is 46.5 to 71.9 for a single determination. 


TABLE 7. Comparison of coliform density as determi. ed }y 
membrane filter and MPN procedures* 


Water Source | No. of Samples Bac-T-Flex 5-Tub: MPN 


So Ee ee arene 4 247 113 
ee eS 8 381 644 
River 3 10 327 150 
River 4 10 373 130 
River 5.. 5 1383 1373 
River 6 3 535 1245 
River 7 2 215 520 
River 8 2 1900 1600 
Brook 2 2750 1600 
Pool 1 200 79 
Reservoir 8 25 130 


* Numbers indicate coliforms per 100 ml of water based on 
an average of the number of samples tested at different periods 
from each source. An average count on 2 filters was obtained 
for each individual test. 


brane filters incubated with Difco or BBL M-Endo 
broth for verification of coliform type organisms. 
Ninety-seven per cent of these colonies produced gas 
in lactose or Brilliant Green Bile 2 per cent fermenta- 
tion tubes. From the different water samples tested, 
58 per cent of the sheen colonies isolated were identified 
as E. coli on the basis of the IMViC reactions 
(++-—-—). The next most frequent IMViC types 
were —+—— (20 per cent) and ++—+ (12 per 
cent). Less than 2 per cent of the colonies were classed 
as A. aerogenes (——-++). None of 65 nonsheen col- 
onies isolated from the filters were found to be coliforms. 

The results indicate that typical sheen colonies are 
produced by coliforms on membrane filters incubated 
on pads containing Endo broth. Our findings are also 
in close agreement with those reported by Jeter ef al. 
(1954) except that A. aerogenes was much more preva- 
lent in the waters they tested, being found more com- 
monly than E. colt. 
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SUMMARY 


In general, higher coliform counts were obtained on 
the Bac-T-Flex type filters than on the Millipore type 
filters on tests of river and reservoir water. The results 


with more recent lots of these filters have been in some- 
what better agreement. The Bac-T-Flex filters were 
more flexible and durable than the Millipore filters 
and the 8 mm square grid pattern facilitated counting 
of the coliform colonies. 

Preliminary culturing of the filters on an enrichment 
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meditim for two hours before incubation on pads with 
Difeo or BBL M-Endo broth was found to be unneces- 
sary for estimation of coliform densities of the water sam- 
ples tested. In fact, the coliform counts were as high 
or, in Many cases, higher on the filters when they were 
incubated directly on the pads containing the Endo 
broth. Fewer noncoliform and spreading colonies de- 
veloped on such filter cultures. 

Of the various selective media tested for the estima- 
tion of the numbers of coliform bacteria in water, Difco 
and BBL dehydrated M-Endo broth gave the most 
satisfactory results. Higher coliform counts were ob- 
tained with these media or the coliform colonies were 
more distinct than on the various other selective media 
tested. The optimum period of incubation with Endo 
broth was 22 to 24 hours at a temperature of 35 to 
37 C. Incubation of the filters in an atmosphere with 
saturated relative humidity did not appear necessary ; 
comparable counts were obtained when the filters 
were incubated under normal incubator conditions 
used for general bacteriological purposes. 

The results of tests for coliform densities by the 
membrane filter technic were in good agreement with 
results obtained by the Standard Methods MPN 
procedures for samples of river and reservoir water. 
Of 193 colonies with a sheen isolated from the filters, 
97 per cent were confirmed as coliforms; 58 per cent 
of these colonies were identified as E. coli by the 
IMViC reactions. 

It would appear that the membrane filter procedure 
is efficient and reliable for the detection and enumera- 
tion of coliform bacteria in water. This new technic 
affords a considerable saving of time, materials and 
labor when compared with the Standard Methods 
MPN procedures. 
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The intracorneal method of testing antituberculous 
substances was introduced by Gardiner, Rees, and 
Robson in 1949. This method gave in vivo results, 
while at the same time was relatively simple to perform, 
and gave unique opportunity for observation of the 
tuberculous lesion in comparison with a control lesion. 
This method involved the use of virulent bovine va- 
riety of Mycob 





Fic. 1. Test tube for holding the eye 


In this work Mycobacterium avium was used. Rabbits 
weighing approximately two pounds were used as test 
animals. The corneas of both eyes of each of the test 
animals were infected with approximately 800 tu- 
bercular organisms of the avian variety. The organisms 
were grown in a synthetic medium containing Tween 
80 and bovine albumin (Dubos and Davis, 1946), and 
were diluted with saline to produce an inoculum 
containing 800 organisms per 0.02 ml. The eyeball was 
held in place with the aid of a test tube as shown in 


1Work done in Department of Veterinary Science and 
Bacteriology, University of Wyoming, Laramie, Wyoming. 


figures 1 and 2. A tuberculin syringe with a 26 gauge 
needle was used to inject the inoculum. A volume of 
0.02 ml was injected into the corneas producing a white 
area 4 mm in diameter. 





Fic. 2. Technique of inoculation 


TaBLe 1. IJntracorneal tuberculous lesions in rabbits 
treated with drugs 
Days after infection* 
Group Drug pee 
oe Ulceration Rupture 
1 Penicillin Controleye| 10 | 22 40 
Treatedeye| 13 | 24 46 
| 
, , 
2 | Dihydro- Controleye| 11 25 48 
strepto- Treatedeye| 45 | Negative) Negative 
| mycin 
| 
3 Isonicotinic | Controleye| 10 | 23 50 


acid hy- | Treatedeye| 43 | Negative) Negative 
drazide | 
4 Para-amino-| Controleye| 12 26 46 
salicylic | Treatedeye| 48 | 97 | 
acid | | 
\ 


* Average time for development of tuberculous lesions in the 
nine animals in each group. 
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Thirty-six rabbits were used in testing the antituber- 
culous effects of dihydrostreptomycin, para-amino- 
tive § salicylic acid, isonicotinic acid hydrazide, and penicil- 
lin. Nine animals were used for each drug. The injec- 
tions of the test substances were made intravitreously 
and the right eyes were treated and the left eyes were 


tive 
the controls. Treatment was started at the time of 
injection of the organisms and the amount of each 
drug was 5 mg given twice a week for 4 weeks. 

sal RESULTS 

the 


The technique of inoculation, as shown in figures 
l and 2, was relatively simple to use. The test tube 








Fic. 3. Stages in development of tuberculous corneal lesions following injection with an avian variety of Mycobacterium avium. 
a, Time of injection; b, Ten days; c, Twenty-four days; d, Thirty-six days; e, Forty-two days. 


made it possible to eliminate injury to the eye and also 
made inoculation easier. 

Mycobacterium avium produced a corneal lesion 
which developed through progressive stages. These 
stages are shown in figure 3. 

As shown in the pictures in figure 4, which were 
taken 42 days after infection, there is a definite differ- 
ence between the various drugs. The effectiveness of 
the drugs was based upon the differences in time of the 
appearance of the lesions in the treated eyes and un- 
treated eyes (table 1). The known antitubercular drugs 
showed a marked difference in the delay of the normal 
progression of the lesion. The penicillin treated eyes 
developed similar to the controls. 
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Fic. 4. Comparative effects of drugs on tuberculous corneal lesions (taken forty-two days after infection). a, 





Dihydrostrep- 


tomycin; b, Para-amino-salicylic acid; c, Isonicotinic acid hydrazide; d, Penicillin; e, Average control age. 


SUMMARY 


The use of the technique described made the process 
of inoculation simple and accurate. The use of Myco- 
bacterium avium eliminated some of the danger of 
infection to laboratory workers. The results indicate a 
simple, safe method of screening for antitubercular 
drugs. 
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Lauryl sulphate broth, introduced by Cowles (1938) 
and modified by Mallman and Darby (1941), has been 
widely used in recent years for the presumptive test 
for coliform bacteria in water. Lauryl sulphate is, to 
a certain extent, an inhibitory agent and tends to 
suppress anaerobic lactose fermenting bacteria. In- 
hibitory agents in culture media are always subject 
to suspicion. A substance which can be used in a con- 
centration which will both inhibit all the undesired 
organisms and allow all the desired ones to grow un- 
inhibited, is certainly to be desired but is rarely en- 
countered. There is good evidence that many persons 
are not entirely convinced that lauryl] sulphate in lac- 
tose broth lives up to this ideal. Many comparative 
studies of this medium with lactose broth and other 
presumptive media have been published and these have 


B been reviewed by McCrady (1943). However, the fun- 


damental question as to the effectiveness in detecting 
all the fecal coliform bacteria has not been clearly 
answered. One wants to be assured that all fecal coli- 
form bacteria will produce gas if they are inoculated 
into lauryl sulphate broth, or at least that as many 
will produce gas in this medium as in the standard 
lactose broth. 

In the same way, one would like a clear cut and con- 
vincing answer to the question as to whether or not 
the Eijkman test as presently modified (Am. Public 
Health Assoc., 1946) actually does allow the develop- 
ment of any and all the fecal coliform bacteria that are 
inoculated into the broth. By fecal coliform bacteria 
we mean simply coliform bacteria from feces, not 
coliform bacteria that may have or have not, this or 
that biochemical property. It has been shown that the 
original Eijkman method allows only a small propor- 
tion of the fecal coliform bacteria to grow and produce 
gas (Skinner and Brown, 1934). At various times the 
test has been modified by changing the formula of the 
medium, and by altering the incubation temperature. 
Various studies, some of them including comparison 
with other media, have been made (Wilson et al. 1935; 
Hajna & Perry, 1935; Wilson, 1935; Perry & Hajna, 

‘This investigation was supported by funds supplied to 


Project 114 under the State of Washington Initiative Measure 
number 171 for Medical and Biological Research. 





1935; Hajna, 1937; Payne, 1938; Hajna and Perry, 
1938; Raghavarchari and Iyer, 1938; Perry, 1939; 
Boizot, 1941; Stuart et al., 1942; Hajna and Perry, 
1943). However, there has been no adequate answer 
to the fundamental question: Is it certain that the 
Eijkman method, as now modified (Am. Public Health 
Assoc., 1946), detects all of the fecal coliform bacteria. 
The present study is an attempt to at least partially 
answer these two questions. We are here reporting on 
comparative studies of the present official Eijkman 
test, the lauryl sulphate broth, and the standard lac- 
tose broth as to their respective effectiveness as en- 
richment media for fecal coliform organisms. 


EXPERIMENTAL METHODS 


Fresh (less than 10 hour) samples of human feces 
were diluted into decimal dilution blanks. One hun- 
dred twenty-one fecal specimens were collected from 
63 persons, 25 of whom donated only one, and none 
more than 10 samples, and none more than one per 
day. One ml samples of the various decimal dilutions 
were inoculated into 5 replicate tubes. A separate 
pipette was used for each dilution but the same pipette 
was used for inoculating into all three media. Standard 
lactose broth (beef extract 3 g, polypeptone BBL 3 g, 
lactose 5 g, H.O 1 liter, pH 7.0), lauryl sulphate tryp- 
tose broth Difco dehydrated, and modified Eijkman 
broth Difco dehydrated, were used. The first two media 
were incubated at 37 C, and the Eijkman medium was 
divided into two replicate sets, one incubated in a 
hot air incubator maintained at 45.5 C, the other in a 
water bath at the same temperature. In 24 to 26 
hours, tubes showing gas were counted and the posi- 
tive tubes of the highest dilution were confirmed by 
official methods. All tubes showing no gas were rein- 
cubated and the next day any of these now showing 
gas were confirmed. It has been determined by pre- 
vious work (Brown and Skinner, 1930, Skinner and 
Brown, 1934) that false positive tests from feces are 
very rare indeed in 24 hour positive tubes and there- 
fore confirmation is unnecessary in the lower dilutions 
at least. Failure to confirm the 48 hour tubes was also 
not common, but we did attempt to confirm all these. 
The most probable number of coliform bacteria per 
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g of feces was determined from the tables of Halvorson 
and Ziegler (1932). 


RESULTS 


If two media, for example, lactose broth and lauryl 
sulphate broth, were equally productive we should 
expect to find the same number of samples with higher 
counts in lactose broth as in lauryl sulphate broth. Of 
the 121 fecal samples, 10 gave either all positive tests 
in all dilutions in all the media, or all negative in all 
dilutions. These were eliminated from consideration. 
Two gave all negative counts on these two media only. 
These were also not included in the data. This left 
109 samples. Some of these gave identical counts by 
each method, so one-half was allotted to each category, 
lactose broth and lauryl sulphate broth. Instead of 
the 5415 samples which would be expected to give 
higher counts by each medium if the media were equally 
productive, we found that 45! actually did give higher 
counts in lactose broth and 63!% in lauryl sulphate 
broth. The adjusted x? value method (Snedecor, 1946) 
was used to determine if this divergence of the expected 
from the actual was great enough to conclude that the 
lauryl sulphate broth is more productive. The x? value 
must be 3.84 to make this conclusion with 95 per cent 
assurance. 
2((a1 — £) — 0.5)? 

- , 


no 


x? actually is 2.65. x? = 


where 
x, = number of samples giving higher counts in 
laury! sulphate broth 
x. = number of samples giving higher counts in 
lactose broth 


“ Xi + Xe a ; 
= = —,— = expected if both media were equally 
productive. 


We can conclude that lactose broth is not more pro- 
ductive than lauryl sulphate broth. But we cannot 
conclude that it is less productive, although a x? value 
of 2.65 indicates that this may be the case. Further 
data would be needed to demonstrate it. Our data 
do not show it and we frankly doubt it, especially 
when we consider all the data which have been so 
carefully reviewed by McCrady (1943). We think 
that we have happened to get the data that one would 
expect to get about 12 times out of 100 if two media 
are equally productive. Further consideration of this 
question will be found below. 

A comparison of lactose broth and Eijkman test 
with hot air incubation gave us results which frankly 
we were not expecting. We did the Eijkman test with 
only 92 samples and got 4614 which favored the Eijk- 
man method and 4514 the lactose broth. Adjusted 
x? = 0. Obviously the methods are equally productive 
under conditions of our experiment. 
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However, a comparison of lactose broth wih th 
Kijkman method, water bath incubation, sho s th 
definite superiority of the former: 6614 highe~ wit) 
lactose broth, 2614 with Eijkman, water bath, x? = 
16.35. Likewise the superiority of the air incu atig, 
over water bath for the Eijkman method is con!irmed, 
62!5 higher with air incubation, 3014 with water bath 
incubation; x? = 10.33. Clearly the proposition js 
untenable that incubation of tubes of Eijkman broth 
in a 45.5 C water bath is as productive as lactose broth 
at 37 C or as Eijkman broth in an air incubator a 
45.5 C. 

Another reason that we are unwilling to accept the 
hypothesis that lauryl sulphate broth is more produc. 
tive than lactose broth (although we show that it js 
definitely not less productive) is that the Eijkman 
test with air incubation (which has been shown above 
to be equally as productive as lactose broth at 37 () 
gave 4645 with higher counts as against 5014 for lauryl 
sulphate broth. x? = .093. Such a low x? value indicates 
very strongly that the productivity of lauryl sulphate 
broth is the same as that of Eikjman broth with air 
incubation and by inference as that of lactose broth. 

There is still further evidence from our data. The 
dilution extinction method is notoriously inaccurate 
when only five tubes of three dilutions are used. The 
“actual” number can be depended upon (95 per 
cent assurance) to be between 30 per cent and 360 
per cent of the “most probable” number (Halvorson 
and Ziegler, 1933). If we consider the dependable ranges 
of the coliform counts rather than the most probable 
number as obtained by lactose broth and by lauryl 
sulphate broth, we find that the ranges overlap in all 
but 4 out of 109 samples, and of these the higher count 
was obtained twice by each medium. In the same way 
the dependable ranges of the counts obtained by lac- 
tose broth and by the Eijkman method with air incu- 
bation overlapped in all but 3 samples, 2 being higher 
by 1 medium, and 1 by the other method. There is no 
evidence here that the methods can be expected to give 
essentially different results. But when we consider the 
dependable ranges of the counts as obtained by lactose 
broth and compare them with those obtained by the 
Eijkman method with hot water bath incubation, we 
find that the ranges did not overlap in 15 times out of 
94 and in 14 of these the lactose broth gave higher 
counts. The evidence all points to the same conclusion, 
namely that lactose broth, lauryl sulphate broth, and 
the present Eijkman method with air incubation are 
equally productive but that the Eijkman method with 
water bath incubation is definitely less productive than 
the other three methods. The mathematically provable 
inaccuracy of the dilution extinction method with only 
5 tubes per dilution (Halvorson and Ziegler, 1933) has no 
bearing on the likelihood of one medium giving con- 
stantly higher or lower counts than another, unless 
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the one is more productive. Therefore, the inaccuracy, 
whieh is the “error” of random sampling, has no bear- 
ing on the conclusions which we have drawn from the 
data. 

We did not find that any one of the four methods 
was notably superior as to efficiency in eliminating 
false presumptive tests, but our experiments were 
not especially designed to bring this out, if indeed 
one is really superior to another in this respect. Before 
we started using liquid confirmatory media we used 
the Levine eosine-methylene blue agar plate method 
and we failed to confirm 3 out of 201 gas positive tubes 
from lactose broth, 6 out of 211 from lauryl sulphate 
broth, 6 out of 212 from Eijkman media air incubation, 
and 4 out of 168 from Eijkman water bath incubation. 
We isolated and identified to genus 184 cultures of 
Escherichia and 14 of Aerobacter from the lactose 
broth tubes, 193 cultures of Escherichia and 12 of 
Aerobacter from laury! sulphate broth, 194 Escherichia 
and 12 Aerobacter from Eijkman media air incubation, 
and 160 Escherichia and 4 Aerobacter from Eijkman 
media water bath incubation. We did not perform the 
citrate test since it is evident (Skinner and Brudnoy, 
1932) that the utilization of citrates by Escherichia 
species does not indicate that they are of nonfecal 
origin. About 10 per cent of isolates taken at random of 
coliform bacteria from feces are citrate positive. No 
quantitative conclusions should be made from these 
few tests which we performed in the present series 
(less than 500) but it can be stated that false (uncon- 
firmed) positive tests can occur in lauryl sulphate 
broth or in the Eijkman test, even though the inocu- 
lum is feces. One would expect at least as many from 
other sources. Moreover it can be stated, agreeing with 
Payne (1938) whose careful work merits consideration, 
that some strains of Aerobacter (in our case admittedly 
fecal since they come from feces) may grow and pro- 
duce gas in the modified Eikjman broth at 45.5 C. 
We wish to make it clear that we do not consider gas 
production at 45.5 C necessarily indicates the fecal 
origin of the organisms concerned. We are pleased to 
find, however, that the modified method does not in- 
hibit most of the fecal organisms as the original Eijk- 
man method did. 


SUMMARY 


Lauryl sulphate broth was shown to be at least as 
productive as lactose broth as an enrichment medium 
for coliform organisms from feces. It is believed, but 
the data are not clear-cut, that it is not more produc- 
tive, 

The modified Eijkman broth at 45.5 C in a hot air 
incubator is neither more nor less productive than 
the standard lactose broth at 37 C. 

Previous findings of others that the older Eijkman 
methods with water baths used for incubators fail to 


support the growth of many more coliform bacteria from 
feces than do hot air incubation methods, have been 
confirmed for the present standard modified Eijkman 
method as well. , 

Under the conditions of the experiments, neither 
lauryl sulphate broth, nor Eijkman method was more 
efficient than lactose broth in eliminating false positive 
(unconfirmed) coliform tests when dilutions of feces 
were used as inocula. It was found also that the Eijk- 
man broth at 45.5 C did not inhibit all strains of Aero- 
bacter from feces. 

REFERENCES 


AmeRICAN Pusiic HeattH Association 1946 Standard 
Methods for the Examination of Water and Sewage, 9th ed. 
New York, N. Y. 

Borzor,G. E. 1941 An examination of the modified Eijkman 
method applied to pure coliform cultures obtained from 
waters in Singapore. J. Hyg., 41, 566-569. 

Brown, J. W., AND SKINNER, C. E. 1930 Is the Eijkman 
test an aid in the detection of fecal pollution of water? 
J. Bact., 20, 139-149. 

Cowtgs, P. B. 1938 <A modified lactose broth for use in the 
presumptive test. J. Am. Water Works Assoc., 30, 979- 
983. 

Hasna, A. A. 1937 Decomposition of carbohydrates and 
alcohols with production of gas at 46 C by members of the 
genus Escherichia. J. Bact., 33, 339-347. 

Hasna, A. A., AND Perry, C. A. 1935 A comparison of the 
Kijkman test with other tests for determining FZ. coli in 
sewage. J. Bact., 30, 479-484. 

Hasna, A. A., AND Perry, C. A. 19388 A modified Eijkman 
medium for the isolation of E. coli from sewage. Sewage 
Works J., 10, 261-262. 

Hasna, A. A., AND Perry, C. A. 1939 Optimum temperature 
for differentiation of Escherichia coli from other coliform 
bacteria. J. Bact., 38, 275-282. 

Hasna, A. A., AND Perry, C. A. 1943 Comparative study of 
presumptive and confirmative media for bacteria of the 
coliform group and for fecal streptococci. Am. J. Pub. 
Health, 33, 550-556. 

Hatvorson, H. O., anp ZreEGLER, N. R. 1932 Application 
of statistics to problems in bacteriology. I. A means of 
determining bacterial population by the dilution method. 
J. Bact., 25, 101-121. 

Hatvorson, H. O., ano ZIEGLER, N. R. 1933 Application 
of statistics to problems in bacteriology. III. A considera- 
tion of the accuracy of dilution data obtained by using 
several dilutions. J. Bact., 26, 559-567. 

Ma.tuman, W. L., anp Darsy, C. W. 1941 Uses of lauryl 
sulphate tryptose broth for detection of coliform organ- 
isms. Am. J. Pub. Health, 31, 127-134. 

McCrapy, M. H. 1948 Practical study of lauryl sulfate 
tryptose broth for detection of the presence of coliform 
organisms in water. Am. J. Pub. Health, 33, 1199-1207. 

MinkeEvicHu, I. E., ALEKSANDROV, N. I., AND SosBieva, E. I. 
1936 The application of the principle of Eijkman’s 
fermentation test for determining the coli titre of water. 
J. Hyg., 36, 50-63. 

PAYNE, V. 1938 Comparison of modified Eijkman medium 
and standard lactose broth in the examination of oysters, 
clams, and shellfish growing waters. Pub. Health Rep., 
53, 2058-2064. 

Perry, C. A. 1939 A summary of studies on pollution in 
shellfish. EZ. coli versus the coliform group as an index of 





58 H. T. PEDERSON, JR. AND C. E. SKINNER 


fecal pollution and the value of the modified Eijkman 
test. Food Research, 4, 381-395. 

Perry, C. A., anp Hasna, A. A. 1933 A modified Eijkman 
medium. J. Bact., 26, 419-429. 

Perry, C. A., aNp Hasna, A. A. 1935 Routine use of a 
modified Eijkman in the examination of oysters, crabmeat, 
and other substances. Am. J. Pub. Health, 25, 720-724. 

Perry, C. A., anp Hagna, A. A. 1944 Further evaluation of 
E. C. medium for the isolation of coliform bacteria and 
E.coli. Am. J. Pub. Health, 34, 735-738. 

RaGHAVARCHARI, T. N.S., AND IyER, P. V.S. 1938 The coli 
aerogenes index of pollution used in the bacteriological 
analysis of water. Indian J. Med. Research, 26, 867-874. 

SKINNER, C. E., anp Brown, J. W. 1934 The failure of 
Bacterium coli from human feces to grow at 46 C in the 
Eijkman or the Bulir tests. J. Bact., 27, 191-200. 


SKINNER, C. E., anp Brupnoy, H. G. 1932 The uti isatioy 
of citrates and the fermentation of cellobiose by strains of 
Bacterium coli isolated from human faeces. J. H:g.. 32, 
529-533. 

SNEDECOR, G. W. 1946 Statistical Methods. 4th ed 
State College Press, Ames, Iowa. 

Standards Methods Committee for the Examination of Shel] 
fish, Laboratory Section, American Public Health Associa 
tion 1942 Bacteriological Examination of Shellfish ani 
Shellfish Waters. Am. J. Pub. Health 32 (Supp.), 158-167 

Stuart, C. A., ZIMMERMAN, A., Baker, M., anv Rusticiay. 
R. 1942 Eijkman relationships of the coliform 
related bacteria. J. Bact., 48, 557-571. 

Witson, G. 8., Twiec, R. S., Wricut, R. C., Henpry, C. B 
CowE.LL, M. P., ann Mater, E. 1935 The bacterio 
logical grading of milk. Acritical study. Special Report 
Service Medical Research Council London, No. 206. 


Tows 


and 








The 
of Wi 
questi 
of knc 
ing al 
“do § 
too-fr 
flu be 
not « 
Char 
was ] 
of th 
millic¢ 
bile | 
requi 
that 
by g 
isms, 
170 
Tubi 
smal 
tion 
tose 
wells 
cent 
adec 
safet 

P. 
the 
only 
whi 
vest 
one 
due 

The 
trol 
Bu 


rat 
De 
for 
sal 
pre 
me 


for 





isation 
‘ins of 


g., 92, 
Towa 


Shell. 
SSOCia- 
h and 
8-167 
IGIAN, 
i and 


C.B 
‘terio- 
teport 
). 





A Study of Additional Methods of Bacteriological 
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The suecess of Standard Methods for the Examination 
of Water and Sewage (A.P.H.A., 1946) cannot be 
questioned when its part in the practical elimination 
of known water-borne enteric disease is realized. Hav- 
ing attained this goal, the question is often raised, 
“do Standard Methods go far enough?” Could the all- 
too-frequent explosive outbreaks of so-called intestinal 
flu be caused by microorganisms in the water supply 
not detected by Standard Methods? Furthermore, 
Chambers (1950) presented data indicating that gas 
was produced in lactose broth when the population 
of the coliform group reached a mean value of 170 
million per ml of lactose broth; while in brilliant green 
bile broth nearly 50 per cent greater population is 
required to produce visible gas. He also pointed out 
that coliform organisms present may not be revealed 
by gas production if, in the presence of other organ- 
isms, the maximum total population is reached before 
170 million coliform organisms per ml are present. 
Tubiash (1952) showed that nitrates and nitrites in 
small amounts exert an inhibitory effect on the produc- 
tion of gas by organisms of the coliform group in lac- 
tose broth. Since it is established that water from many 
wells in the north central area contain varying con- 
centrations of nitrates, the question arises as to the 
adequacy of Standard Methods for determining the 
safety of well waters. 

Partially with these facts in mind and partially with 
the inttent of finding a rapid method for detecting not 
only the coliform group but any enteric organisms 
which might be implanted in water supplies, two in- 
vestigations were instigated, one on treated water and 
one on untreated water. These studies were not con- 
ducted simultaneously and will be discussed separately. 
The work was performed in the laboratory of the De- 
troit Department of Health with the cooperation of the 
Bureau of Sanitary Engineering. 

TREATED WATER 

Study no. 1. Among the numerous measures inaugu- 
rated for the protection of the civilian population of 
Detroit during the Second World War was a program 
for safeguarding the public water supply against enemy 
sabotage. The Department of Health instituted a 
program of bacteriological examinations to supple- 
ment the procedures as outlined in Standard Methods 
for the purpose of detecting the introduction of pure 


° 


cultures of pathogenic organisms into the distribution 
system. 

The staff of the Bureau of Sanitary Engineering was 
asked to assist in developing a sampling routine and 
provide field help, since the collection of water samples 
and the supervision of water supplies had always been 
their responsibility. It was decided to collect the 
samples from stations which had been established for 
many years for the purpose of routine drinking water 
examinations. These stations, 39 in number, were 
located in Fire Department stations and were con- 
sidered to be representative of the water supply for 
the area in which they were located. To this group 
were added the residences of four Department of Health 
employees. In addition, all complaints of odors, tastes, 
or illness which the complainant thought attributable 
to the water supply were investigated in the routine 
manner and samples collected from the address of the 
complainant and the immediate area if indicated. 

Because of the limitations affecting collection, a 
wide variation in the total examinations of the indi- 
vidual sampling points resulted. Two samples were 
collected directly from each sampling point in bottles 
holding approximately 130 ml each. All bottles were 
treated with sufficient sodium thiosulphate to neutra- 
lize the germicidal effect of the chlorine while the sam- 
ples were in transit to the laboratory. A residual 
chlorine test (orthotolidine) and a pH test (bromthy- 
mol blue) were made of the water from each source 
immediately after collecting the two samples. One 
sample was submitted to routine examination using 
Standard Methods. The second or duplicate sample was 
submitted for supplementary bacteriological examina- 
tion. 

Due to war-time conditions in the laboratory, it was 
necessary, in developing a procedure for this study, 
to find the least complicated method for the detection 
of Enterobacteriaceae which might be present in the 
water supply. Identification of organisms isolated was 
reduced to a minimum and classification made, for the 
most part, generically only. 

For the detection of Enterobacteriaceae, 10 ml of 
the water sample was introduced into a tube containing 
10 ml of double strength tetrathionate broth (Difco). 
After 18 hours incubation at 37 C, MacConkey agar 
plates were streaked from the tetrathionate broth 
cultures. These plates were in turn incubated 18 to 
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24 hours and representative colonies transferred to 
slants of Kligler’s iron agar. Further biochemical tests 
were made as indicated by the reaction on the Kligler 
slants. 

Strains showing fermentation of lactose with gas 
production were classified as the coliform group. 

Strains which fermented dextrose with no produc- 
tion of gas but did not ferment lactose were tested for 
motility, utilization of citrate, and decomposition of 
urea. Organisms giving negative reactions in all three 
tests were classified as Shigella-like. Serological methods 
were used for further identification of the organisms 
of this group. 

Strains producing acid and gas in the butt and no 
change on the slant of the Kliglers were tested for 
ability to decompose urea. Strains rapidly decomposing 
urea were placed in the proteus group. Those not de- 
composing urea were tested biochemically to differen- 
tiate between salmonella and paracolon groups. Or- 
ganisms fermenting lactose or sacchrose, or producing 
indol were classified as paracolon. 

Strains which produced no change on the slant or 
in the butt of Kligler’s agar were classified as Achromo- 
bacteriaceae of the alcaligenes type, if, upon microscopic 
examination, they were found to be gram negative 
rods of characteristic morphology. 

No chromogenes were isolated. 

In analyzing the results set forth in table 1, a pro- 
nounced difference in the number of samples positive 
for the coliform group is shown between those analyzed 
by Standard Methods and those analyzed by supple- 
mentary methods. The percentage positive for the 
coliform group in the samples run by Standard Methods 
was 0.4 per cent while the percentage by the other 
method was 1.4 per cent. This was more than three 
times greater than the number of samples positive for 
coliform organisms using Standard Methods. Other 
Enterobacteriaceae and Achromobacteriaceae reported 
in the table were present in 5.8 per cent of the samples 
making a total of 7.2 per cent of the samples positive 
for Enterobacteriaceae and Achromobacteriaceae as 
compared with 0.4 per cent positive for coliform or- 
ganisms as determined by Standard Methods. 


TABLE 1. Comparison of results using Standard Methods and 
supplementary methods for examination of treated water 


! 


Total No. | Achromo- | 


: | Coli- ies . Para- | Shigella- 
pamples | forms —— Pretens colon like 
Standard 
Methods...... 3541 15 0 0 0 0 
Supplementary 
method, dupli- 


cate samples..| 3541 49 |; 155 11 15 24* 


* Total divided as follows: 


Shigella paradysenteriae var. flexner......... 5 
SE RIOD Se chs akin wig: Sicsp win sais vie oem nivrwn s 1 
NN oo wie Po sac amines di 18 


It is significant to note that 36 sampling point: 
showed no coliform organisms present in any of the 
samples when examined by Standard Metho: 
Enterobacteriaceae and 


‘, Yet 


Achromobacteriaceac — were 


found in one or more samples from each ol thes 
stations when examined by the methods used in this 
study. In a few instances, more than one type of or. 


ganism was isolated from a single sample. 

The question naturally arises as to the signilicance 
of these organisms when found in a water supply ap. 
proved as safe because it conforms to present standards, 
This study was not large enough in scope to determine 
the answer to this question. Two outbreaks of enteric 
illness occurred during the study which are pertinent 
to the problem. One occurred in a local medical college 
where a cross connection became operative during 
periods of low water pressure induced by high water 
demands in the building. A number of students were 
taken severely ill with an intestinal disorder. Unfor- 
tunately, no specimens were obtained from the stu- 
dents. A sanitary survey determined a cross connection 
as the probable source. Samples examined by Stand- 
ard Methods were negative for the coliform group. 
Supplementary examination of these samples showed 
Achromobacteriaceae present. 

The second illustration deals with an outbreak of 
intestinal illness among employees in certain down- 
river factories outside Detroit. A survey disclosed that 
a large water main under the Rouge River had become 
contaminated, probably during dewatering and repair. 
Samples of water collected from one of the factories 
were negative for the coliform group when examined 
by Standard Methods. Supplementary examinations 
showed the presence of organisms of the paracolon 
group. Similar organisms were isolated from three of 
the six persons who cooperated in submitting fecal 
specimens to the laboratory. 

Although organisms of the Achromobacteriaceae 
genus and paracolon group are not recognized patho- 
gens, the possibility of their assuming pathogenicity 
under certain circumstances is considered. 

The effects of chlorine dosages on the Enterobacteri- 
aceae and Achromobacteriaceae were observed during 
the study when Detroit’s two water treatment plants 
differed in the amount of chlorine applied at each plant. 
When the applied chlorine at one plant was approxi- 
mately double that of the other, a marked reduction 
of these organisms was noted in samples collected from 
the portion of the water distribution supplied by the 
plant with the greater amount of chlorine application. 
In general, chlorine residuals averaged less than 0.1 
ppm through the period of this study. This average 
was exceeded slightly during the winter months while 
summer residuals from the same stations were often 
0.05 ppm or zero. The term “residual chlorine” as 
used here is not a measure of the “free available chlo- 


rine” in the accepted use of the term, but rather 
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“eombined chlorine’. Following the termination of 
this study, chlorine dosage was increased and “free 
available chlorine residuals” maintained 
in the supply from both plants, and no Enterobacteri- 
eae or Achromobacteriaceae have been isolated from 
amples of water in which “free available chlorine” re- 
jduals were demonstrated at the points of sampling. 


have been 


UNTREATED WATERS 

Study no. 2. Since Standard Methods and the method 
witlined above require at least 48 hours before any 
results can be obtained, the need of a rapid method 
jor the detection, not only of the coliform group, but 
any enteric organisms which might be present in water, 
yas obvious. A considerable percentage of the water 
sibmitted to the laboratory from wells is found un- 
afe for drinking purposes. It was therefore decided 
to investigate the findings obtained from well water 
amples by Standard Methods and by making poured 
plates of the water, using Violet Red Bile agar (Difco) 
as medium. In this medium, gram positive organisms 
are inhibited; lactose fermenting bacteria form red 
colonies, nonlactose fermenters white. 

During 1951, three poured plates of Violet Red Bile 
agar using 3 ml, 1 ml and 1 drop of water as inoculum 
were made on each sample. Examination of the data 
at the end of 1951 showed that organisms were seldom 
present in the single-drop inoculum. At the same time, 
there was no overgrowing found in the 3 ml inoculum. 
In view of this, it was believed that an increase in the 
actual amount of water tested might be advantageous. 
Consequently, during 1952 the inoculum was increased 
to 4, 2 and 2 ml. Plates were incubated at 37 C for 
18 to 24 hours and examined for typical colonies. Al- 
though many samples showed varying numbers of 
white colonies, only those typically red were considered 
in comparing these results with those obtained by 
Standard Methods. A total of 1126 well water samples 
were included in this study. Organisms of the coliform 
group were isolated by one or by both methods from 
423 samples or 36.6 per cent of the samples. Tables 
2 and 3 summarize the findings. 

During 1952, further cultural studies were made on 
TaBLE 2. Comparison of results using Standard Methods and 

Violet Red Bile plates 


ite ga 
| No. of Samples 


No. of Samples Per Cent of Samples 


ap nag | ee _Also Positive on | _Also Positive on 
Standard Methods Violet Red Bile Agar Violet Red Bile Agar 
Methods ee se 
| 1951 1952 1951 1952 | 1951 | 1952 

>16 | 84 | 85 67 83 | 79.7 | 97.6 
16 15 14 9 11 | 60.0 | 78.6 

9.2 | 16 | 12 9 10 «=| 56.3 | 83.3 

BA) 38 18 7 9 | 38.9 | 50.0 

2:2) (18). |. 38 : | t | 2a 57.1 

10.1 16.7 


0 0 0 27 93 
(of 268)* | (of 555)* | 


* Negative by Standard Methods. 


TaBLe 3. Summary of the 423 samples positive for coliform by 
one or both methods 


Per cent 
Positive 


Number 
Positive 


Positive by Standard Methods.......... 303 71.3 


Positive by Violet Red Bile agar....... 344 81.3 
Positive by both methods.............. 224 53.1 
Positive by Standard Methods; Negative 
by Violet Red Bile agar............. 79 18.6 
Positive by Violet Red Bile agar; Nega- 
2 


tive by Standard Methods............ 120 28 . 2 


65 of the 93 samples showing no coliforms by Standard 
Methods but positive for coliforms on the Violet Red 
Bile agar plates. MacConkey’s agar plates were streaked 
from the lactose broth cultures showing no gas produc- 
tion. After 18 hours incubation, colonies were trans- 
ferred to Kligler’s iron agar slants and identified ac- 
cording to the usual routine. Organisms of the coli- 
aerogenes group or paracolons were recovered from 
33 per cent of these cultures; in addition, proteus and 
alealigenes were recovered in a few instances. 

In evaluating these results, it must be kept in mind 
that in Standard Methods a total of 50 ml of the sample 
was cultured; with the Violet Red Bile agar not more 
than 8 ml was cultured. 

Results are obtained in twenty-four hours when 
Violet Red Bile agar plates are used as compared with 
a minimum of forty-eight hours with Standard Methods. 
However, the fact that 18.6 per cent of the positive 
samples showed no coliforms on the plates but were 
positive by Standard Methods while 28.2 per cent were 
positive on the plates and negative by Standard Methods 
indicates the need for further work in the development 
of a fully satisfactory method of water analysis. Pos- 
sibly this will come through use of the membrane filter. 


SUMMARY 


It cannot be assumed that Enterobacteriaceae are 
absent when a water sample examined by Standard 
Methods for the Examination of Water and Sewage is 
negative for the coliform group. 

Through the use of other methods, it is at times 
possible to demonstrate organisms of the coliform 
group in samples of water found to be negative by 
Standard Methods. 

The need for further work to determine the ade- 
quacy of methods of water analysis now in use is indi- 
cated. 
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